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®increased profit 
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®increased cleanliness 
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THE FERRO ENGINEERING COMPANY 
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1400 Hanna Bidg. P. O. Box 6508 
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PERSONNEL 


HE following employment items are made 
available to AIME members on a non 
profit basis by the Engineering Societies Per 
sonnel Service, Inc. (Agency) operating in 


METALLURGISTS 
and 
METALLURGICAL 
ENGINEERS 


Opportunities east for both recent 


yraduate and th wit? veveral 
year experience im research, cde 

we pment failure analysi heat 
treating, corr ior testing, metal 
lography, welding and general ap 
plicatior metallurgy Fully 
equipped moderr laboratory iv 
youthern OF Send reply with 


resume and salary information te 


Employment Department 


GOODYEAR ATOMIC 
CORPORATION 


P.O. Box 628 
Portsmouth, Ohio 


cooperation with the Four Founder Societies 
Local offices of the Personnel Service are at 
8 W. 40th St, New York 18; 100 Farnsworth 
Ave., Detroit, 57 Post St., San Francisco; 84 
E. Randolph St., Chicago |. Applicants should 
address all mail to the proper key numbers in 
care of the New York office and include 6c 
in stamps for forwarding and returning appli 
cation. The applicant agrees, if placed in a 
position by means of the Service, to pay the 
placement fee listed by the Service. AIME 
members may secure a weekly bulletin of 
positions available for $3.50 a quarter, $12 a 
year 
—MEN AVAILABLE — 

Instructor, B. Sc., 48. Twenty years 
experience as engineer, geologist, 
and consultant. Examination and ex 
ploration principally in nonferrous 
metals. Prefer West. M-156 

Metallurgist, 24, B.E. degree with 
honors and one year of graduate 
work in industrial engineering; mat 
ried. Four years experience in re 
search on wrought copper-base and 


light metal alloys, alloy develop- 
ment, the surface properties of strip 
and fabricated articles, and metallo- 
graphy. Limited experience in pro- 
duction rolling. Prefer position in 
production, any location. M-157-727- 
Chicago 


Recent Indian Graduate, in metal- 
lurgical engineering and arts (with 
physics and mathematics), presently 
in India, 24 years of age, is avail- 
able for training and subsequent 
employment in iron and steel indus 


try as a blast furnace or rolling mill 
engineer or research metallurgist 
M-155 


— POSITIONS OPEN — 


Assistant to Sales Manager, with 
metallurgical training and at least 
five years field engineering and office 
sales experience covering invest 
ment castings. Salary, $8,000 to $10,- 
000 a year. Location, New York 
W 4221 


ist: Unusual posi 


Young metaliurg 


tior exists for jyraduate metal 


lurgist having interest in becoming 


a pecialist in tin-bearing alloys 
md coatings Thi i consulting 
type f work with pportunity for 
professional recognition through 
publication yd close: contact with 
industry Ne direct laboratory 


work is involved Write: Tin Re 
earch Institute 492 West Sixth 
Averue Columbus |! Ohi 


STAINLESS STEEL METALLURGIST 


For Technical Service 


t jegree in met wQY OF ju er 
Five ter f € me t 
watory ar yst t t work 
tainle tee with « pr trig 
r id have goo ppear 

personality ond be willing to trove 


ybout half time 


Forward mplete nformatior nclud 
ng employment history, education, and 
salary requirement to. R. Crissmar 
taff Assistant Emg yment niver 
sa!-Cyclops Steel Corporation, Gox oJ 
Bridgeville, Pennsylvania 


Diffusion in Solids 
Electron Microscopy 


High Temperature 
Properties of Metals 


Magnetic Materials 


Material Flow in 
Granular Beds 


fifteen miles east 


or resume to 


C. Bain Laboratory 


tablished during the 


BASIC RESEARCH 
IN THE PHYSICAL SCIENCES 


The United States Steel Corporation's Edgar 
for Fundamental Re 
search has a limited number of positions now 
available for scientists in the fields of 

Crystal Structure Analysis p Mechanical Metallurgy 
> Metal Surface Chemistry 
> Petrography and Ceramics 4? 
> Phase Transformations 


This new laboratory in a suburban location, 


excellent facilities for the conduct of basic 
research. The reputation for excellence es 
past thirty years will 
be maintained by publication of significant 
findings. You are invited to submit an inquiry 


Dr. R. H. Aborn, Director 


> Physical Chemistry of 


Physical Measurements 


in Solids 


Steel-Making Processes 


Pittsburgh, affords 


Edgar C. Bain Laboratory for 
Fundamental! Research 

United States Steel Corporation 
Dept. B, P. O. Box 68 
Monroeville, Pennsylvania 
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METALLURGICAL 
ENGINEERS 


for research in 


NUCLEAR FLIGHT 


Research positions require de 
gree in Physical Metallurgy or 
Metallurgical Engineering, with 
3 to 6 vear or more experi 
ence in working with high ten 
perature or cort or resistant 
netals and all pent 
in related tud for sdvanced 
degree ma te nsidered past 


ex perience 
Must have real scientific breadtt 
of vision to be effective in re 
search direct t pr ‘ ‘ 
sis and a for 


ered flight 


Sala is high plus Genera 
Electric's extensive persona 
benefit programs. Publication of 
esearch resuite pt priate 
lassified terat 
en jraged 

Send esurmes mnfidence 


stating sala requirements to 


Mr. J. R. Rosselot 


GENERAL GB ELECTRIC 


P. 0. Box 132 Cincinnati, Ohio 


\ 
_ 
| 
‘ 
i 


! Additional classified advertis- 


! 1602, ond 1603, pages 1600, i Test Engineers. a) Ore Test Engi- 
, an . neer, graduate metallurgist or chem- 


to $6000 a year plus commission and 
expenses. W4215 


SpecoadiprabedbeabeanoeDeabeapoam ist, to lay out test procedure in lab 
Production Engineer, 30 to 40, oratory. Should have strong mana; 
erial ability. Salary, $8000 to $9000 


with mechanical or metallurgical en 


a year. b) Ore Test Enginee? grad 


gineering training and at least five : 
years supervisory operating experi uate metallurgist or chemist, to run 
ence in sheet rolling mill. Salary. (Continued on page 1612) 


$9,000 to $10,000 a year. Location, 


METALLURGICAL ENGINEER with in 
tior elt experience for responsi 

t t t 

te and 

rporat 

t A kegor MA ) 


West Virginia. W4218 
INSTITUTE FOR THE STUDY 


Sales Engineer, young, with metal 
OF METALS 


lurgical training and knowledge of 


we lding to ell hard-fac ing allovs UNIVERSITY OF CHICAGO 

and metallizing powders in eastern POSITION OPEN 

states. Must have car. Salary, $5000 Metaliurgist in charge of Metaliur 
ect t rvise preporatior w 


HORIZONS INCORPORATED 


upervisory research 


urgy Dept. in the fi 
physi met mechar 
metaliurgy physic chemistry 
preci r isting and powder met 
llurg Unusu pr tunitve tor 
individu liversifi tior intelle 
t nt 


HORIZONS INCORPORATED 
2905 East 79th >t 


Cleveland 4. Ohi 


PROCESS METALLURGISTS 


RESEARCH METALLURGISTS 


Several attractive openings are available for metal 


lurgists, with graduate 


level 


training 


or equivalent 


research experience, to participate in expanding research 
and development programs in PROCESS, PRODUCT, 
AND PHYSICAL METALLURGY. 


Work will be carried out in our modern laboratories 


in suburban Pittsburgh. Excellent opportunities are 


available for professional advancement in a young and 


growing organization. 


Send resume, in confidence, to: 


J. A. Hill 


Research and Development Department 


JONES & LAUGHLIN STEEL CORPORATION 


3 Gateway Center 


Pittsburgh 30, Pennsylvania 


STEEL 


ptior pportuniti vailable 
for trained md inter 
est proce metatiurgy 
siding tog melting 
meltir md refining f high 
jualit irbon. alloy and staink 
tee herr | engineering or 
metallurgy degree required, with a 


r more years ¢ re 


Excellent olary ind benefit re 
available with pportunitie for 
reati levelopment and prote 
ional advancement in thi 
panding Pittsbur yh research lab 
ratory f co leading manufacturer 


f pecialty teels and alloys 


nfidential resume and sal 


Send ¢ 


re juirement 


MR. A. A. MARQUER, JR 


CRUCIBLE STEEL CO 
OF AMERICA 
O. BOX 88 


30, PA 


PITT RGH 


MINING-METALLURGICAL 
ENGINEER 


Mining-Metallurgical 
(4) to 


(7) years’ experience 


Engi 
seven 
Good 
experience in several of the 
fields 


via 


neer with four 


following desired 


Separations flotation, 


screening, fine sizing, sink 


and float and related con 
centration devices; high 
temperature furnace opera 
tions, solid removal from 
gases, and related smelter 
ing techniques. Work will 
be directed toward applying 
the above operations to 
heavy chemical manufac 


turing of chemicals such as 
titanium tetrachloride. Mod 
ern, expanding plant in nor 
thern Ohio River valley. At 
tractive insurance and pen 
sion plans, desirable com 
munity, excellent opportuni 
ties 
Box M-17M AIME 


29 West 39th St.) New York 18 
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Help develop the world’s first 
nuclear powered fleet 


Nuclear power offers tremendous advantage for 
naval vessels. From the fuel standpoint, cruising 
ranges are virtually unlimited even at new high 
speeds. No refueling facilities will be required to 
replenish nuclear propulsion fuel. Therefore, the 
physical design of the fleet can be streamlined for 
greater efficiency and safety 

At the country’s largest design-engineering center 
for nuclear power reactors, Bettis Plant in Pittsburgh, 
operated for the Atomic Energy Commission by 
Westinghouse, the application of nuclear power has 
progressed rapidly. However, the nuclear power 
plants already in operation today represent only the 
beginning of a new technological era. Major advances 
im many areas are necessary 

These include: the development of fuel alloys; the 
development of clad alloys; fuel element development; 
and technical control of fuel elements and fuel and 
clad alloys. At Bettis you will have a choice of work- 
ing in either Basic or Applied Metallurgy. You may 
prefer to conduct basic research in areas like these: 
1) Solid phase transformation, 2) Corrosion kinetics 


and mechanisms, 3) Effect of irradiation on metals, 
4) Internal friction studies, 5) Study of equilibrium 
diagrams. 

To do this, Bettis Plant needs farsighted men. 
Regardless of your interest, you can choose a place 
in the varied operations at Bettis Plant. 

Atomic experience is not necessary. 

What's more, Bettis Plant is in Pittsburgh's 
South Hills. Here you can enjoy good living in 
pleasant suburbs near the plant, and still be conven- 
ient to one of the nation’s most progressive metro- 
politan areas. 

Educational opportunities are exceptional. West- 
inghouse helps you continue your studies at any one 
of three Pittsburgh universities. 


Write for descriptive brochure on 
opportunities in your field. Be sure 
to specify your interests. Address 
Mr. A. M. Johnston, Westinghouse la 
Bettis Plant, Dept. A99, P. O. Box ecebeeaey's 
1468, Pittsburgh “0, Pa. 


BETTIS PLANT 
Westinghouse 
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HIGH ALUMINA-FIRE CLAY-SILICA BRICK 


Mortars: Plastics - Castables:Gun Mixes 


backed by 
MOUNT UNION, PA - MO 


over 100 years 

| 

refractories 


DOVER, OHIO CURWENSVILLE PA ASHLAND KY HAYWARD KY 


WOMELSOORF PA MARYS PA LOCK HAVEN PA LUMBER CITY PA 


NORTH AMERICAN REFRACTORIES COMPANY 


Building, 2, Michigan 1 Ome 


, NORTH AMERICAN REFRACTORIES LTD., 191 Victoria Ave., South, Hamilton, Ontario ud 
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CLEVELAND OPPORTUNITIES FOR 
MECHANICAL ENGINEERS 


If you have had professional experience and want to take 
advantage of increasing opportunities for professional advance 
ment—SEE US 
@ Research 
@ Development 
Design 
in 
Bearing and Friction Materials 
Conduct studies to expand knowledge of frictional and wear 
properties of lubricated and unlubricated bearings, washers 
and seals with emphasis on high speed, high temperature 
applications 
Please write: E. A. Gentry, Personnel Manager 


CLEVITE RESEARCH CENTER 
540 East 105th Street 
Cleveland 8, Ohio 
The Clevite Research Center deve lops new principles and new products for 
other unit ' Clevite Corporation lt is @ young organization where good 
work is quickly recognized Your professional growth will be accelerated by 
your association with people from other fields such as physics, electronics and 


chemistry 


METALLURGY AND METALLURGICAL ENGINEERING 
OPPORTUNITIES 


in 
ATOMIC ENERGY 


DESIGN 
TESTING 
PRODUCTION 
MAINTENANCE 
OPERATIONAL ANALYSIS 
RESEARCH AND DEVELOPMENT 


ACTIVITIES 


Design, development, testing, and operation of nuclear reactors and 
component parts for research, production, power, and aircraft propulsion. 
Design and development of pilot and production plants and processes in 
the over-all atomic energy programs. 

Production of barrier and barrier materials, fluorine, and UF, feed, all 
directly associated with the concentration of U-235; radioactive and 
stable isotopes; and special materials required for reactor and other 
atomic energy programs. 

Operation and maintenance of existing facilities. 

Fundamental and applied research in the over-all atomic energy 
programs. 


Openings at all Degree Levels, 0-8 years experience in the 


GASEOUS DIFFUSION PLANTS, OAK RIDGE. TENN AND PADUCAH, KY 
OAK RIDGE NATIONAL LABORATORY 
OAK RIDGE Y.12 PLANT 


Exceptional eppertunitics, modern and unique facilities, liberal benefit plans. educational 
and training pregrams, plant interview and moving expenses, moderate climate, year 
areund outdoor reereational activities, low cost living, available housing 


Send resume and salary information te 


TECHNICAL PERSONNEL OFFICE 


UNION CARBIDE NUCLEAR COMPANY 


a division of 


UNION CARBIDE AND CARBON CORPORATION 


Post Office Box FP Oak Ridge, Tennestec 


BRIDGEPORT BRHRASS 


We Want 


2 Research Metallurgists 
with MS degrees or equiva- 
lent experience plus five 
years’ experience, for re- 
search and development 
work on copper- and alumi- 
num-base alloys. Some ex 
perience with these metals is 
desirable. Location: Bridge- 
port, Conn 


| Mechanical Metallur- 
gist with Met. E. or ME. de 
gree and approximately five 
years’ experience, for test- 
ing and metal fabrication 
problems at our Bridgeport, 
Connecticut, laboratories 


Recent Met. E. graduates 
for training and assignment 
in Process Metallurgy, Re 
search, and Development at 
Bridgeport, Indianapolis, |n- 
diana, and Adrian, Michi- 
gan 


We Offer 


Permanent positions with 
growing technical organiza 
tion of an established, ex 
panding nonferrous  pro- 
ducer 


Assistance for graduate 
studies 


Excellent working condi 
tions in up-to-date labs and 
plants 


Convenience to uncrowd 
ed, pleasant residential 
areas 


Opportunities for ad 
vancement responsibili 
ties and professional status 


Liberal benefits for you 
and your family 


For further information 


x about these and other op 


portunities please contact 
Mr T NM The mpson 


Salary Personnel Manager 


BRIDGEPORT BRASS Co. 


30 Grand Street 


Bridgep rt 2. Connecticut 
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These are the surroundings 


of Leadership 


LABORATORY 


INQUIRIES INVITED: Professional Personnel Office 
P.O. Box 299 + Lemont, I/linois 


\ 


world’s largest stainless steel centrifugal casting 


Associated Compomes Ajon Elect 


INDUCTION HEATING-MELTING 
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Here, at Sandusky Foundry and Machine Co., is Ajax 
induction melting at its best. Here where furnaces of 
up to 5 tons capacity melt metal for centrifugal castings 
weighing up to 20 tons Ajax Northrup induction equip- 
ment has simplified techniques, improved casting quality 


and permitted a cleaner, more efficient shop 


The Sandusky installation typifies a melting tech- 
nology that has revolutionized foundry procedures 
casting parts of accurate analysis faster and with less 
waste. Sandusky also represents extreme flexibility of 
induction melting. Two motor-generator sets permit com- 
plete freedom of choice when selecting melting facilities 


for a particular job 


These advantages of Ajax-Northrup induction mel'- 
ing equipment can be realized in your foundry 
whether ferrous, non-ferrous, or both. Write Ajax Electro- 
thermic Corp., Trenton 5, New Jersey, for additional 


details in Bulletin 27-B 


Compony—Ajoa Electric Furnace Co Ajax Engineering Corp 


SINCE 1916 


— 
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One of 


Kids still love jacknives, but no longer seem to do 
much whittling. Like the circus big-top this vanish- 
ing pastime seems to be one more casualty of this 
high-G, triple-carburetion age 

The production engineer also has lost his enthu- 
siasm for whittling metal. Machining from solid bar 
is still a necessity when making one part or a few 
prototypes. But, for hundreds of parts, extruded 
shapes save metal and machining time. 


a kind! 


TMCA has pioneered the difficult art of extruding 
Titanium alloys. Many thousands of pounds of ex- 
truded Titanium sections are regularly shipped to 
jet engine and airframe industries, Seamless ex 
truded tubing is another regular production item 
at TMCA. 


Write today for information on Titanium ex- 


truded shapes and tubing. 


. . . FIRST IN 7 Titanium 


TITANIUM METALS CORPORATION OF AMERICA, 233 Broadway, New York 7, N.Y. 
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Working at the outer boundaries 
of knowledge 


New Research Laboratories in Parma, Ohio. To expand its pioneering work in solid 
state and chemical physics, National Carbon Company has enlarged its staff 
of scientists and provided them with an ideal laboratory setup for creative 
work. Typical of their modern experimental equipment is an are radiation 
furnace used for work on high-temperature refractories. It can bring light 
from a carbon arc into focus on a tiny pin-point area, achieving an intensity 
of several hundred million foot-candles — approaching the intensity of light 
near the surface of the sun. 


Mechanized tweezers 
handle graphite crystal 
To make it into a proper 
experimental guinea pig 
the fragile crystal must 
be painstakingly cut and 
mounted so that electri 
cal flow can be measured 
along the unique crystal 
line directions in graph 
ite. Experiments with 
pure crystals are impor 
tant because all materi 
als which we know as 
carbon and graphite are 
basically composed of 
the same graphite crys 
tals being prepared here 
Tremendous differences 
in electrical behavior and 
other vital properties can 
be traced to variations in 
size and arrangement of 
the graphite crystals in 
carbon products. 
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NATIONAL CARBON COMPANY 


Offices’ Adanta, Chicago, Dallas, Kansas City, Los Angeles, New York, Pittsburgh, San rancisco 


Graphite must pass good-conduct test. A tiny graphite 
crystal is chilled to within one degree of absolute 
zero, then held between poles of a powerful elec- 
tromagnet, while electrical conductivity is mea- 
sured in each crystalline direction — one of many 
ways to learn more about carbon. 


X-ray “scatter” test reveals secrets of graphite. Testing 
the x-ray diffraction of carbon and graphite sam- 
ples gives researchers a picture of relationships 
between crystals in carbon and graphite materials, 
This is another experimental method for probing 
the mysteries of carbon, 


reak-through 
carbon physics research 


promises future advances in furnace electrodes, linings, 


One more barrier is down. And science 
strides forward in the age-old quest for 
deeper knowledge of carbon, one of 
nature’s more complex puzzles. 

This barrier—the inability to get large 
graphite crystals pure enough for experi- 
mental needs — has now been overcome 
by researchers of National Carbon Com- 
pany. Their new annealing techniques, 
which remove impurities from large 
graphite crystals, also eliminate imper- 
fections and weaknesses in the crystal- 
line structure. 

Several research teams at the new 
Parma laboratories are exploiting this 
break-through of science. The purified 
crystals are being subjected to a variety 
of experimental tortures—electrical, mag- 


carbon brushes and other needs of the metal industries 


Look to NATIONAL CARBON 


for leadership in carbon and graphite products 


netic and thermal. Fundamental facts 
about the behavior of the single graphite 
crystal are being gathered and pieced 
together like jigsaw cutouts—building up 
a more complete and systematic picture. 
In this way, our scientists will be better 
able to predict the properties of new car- 
bon and graphite materials. 

The work on single graphite crystals 
is only one phase of a broad research 
program in carbon physics. The metals 
industries, as large users of carbon and 
graphite products, will share in the gains 
from this work of science at the outer 
boundaries of knowledge. Write for new 
booklet titled “Research,” telling more 
about the work at the new Parma 


laboratories. 


A Division of Union Carbide and Carbon Corporation ("T44 30 East 42nd Street, New York 17, WN. ¥. 
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BOOKS 


ORDER YOUR BOOKS THROUGH 
AIME—Address Irene K. Sharp, Book 
Dept. AIME members given 10 pct 
discount whenever possible. Pleuse 
order Government publications direct 
from the agency concerned 


Surveys in Mechanics, edited by G 
K. Batchelor and R. M. Davies, 
Cambridge University Press, $9.50, 
475 pp., 1956.—Ten monographs on 
various aspects of mechanics are 
collected in this volume as a tribute 
to Sir Geoffrey I. Taylor on his 
eventieth birthday. Papers on the 
mechanics of quasi-static plastic de- 
formation in metals, dislocations in 


Price: $3.75 erystalline solids, and stress waves 
(AIME Members: $2 50) in solids are included 


Chromium, Vo! Chemistry of 
Chromium and its Compounds, ed 
ited by Marvin J. Udy, Reinhold 
Publishing Corp., $11.00, 21 
AIME, 29 W. 39th St 1956 This is the first of a two vol- 


New York 18.N Y 
- ume monograph on the sources 
i properties, manufacture and use of 
Please send me a copy of Nuclear metallic chromium and chromium 
Metallurgy (Vol. Wl), Enclosed is alloys, written by 30 experts and 
edited by Dr. Udy. Sections on the 
1 Check [| |; Money Order |") for $ recovery of the metal from its ores 
and its use in steels and nonferrous 
(AIME members may be billed.) alloys are of particular interest to 
metallurgists 
Name Panel Discussion on Pyrometric 
pvr Practices, A merican Society for Test- 
ing Materials, $1.50, 41 pp., 1956 
City and Zone State This discussion is concerned with 


ASTM recommended practices on 
high-temperature testing of metals 


Nenmember Foreign Order, 
Add S0¢ for Mailing E 21, E 22, and E 85, with emphasis on 


defining the precision of tempera- 
ture measurement and control 


— gladly! 


HYDRATE 


RARE EARTHS 
for 
* METALLURGICAL 
APPLICATIONS 
FLUORIDE Additional 
OXIDE 


RARE EARTHS 
INC. 


BOX 488 @ POMPTON PLAINS, NEW JERSEY 
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1955 Book of Standards, ASTM, 
1956. Part I: Ferrous Metals, $13.50 
1834 pp.—This part contains 315 
standards, 211 of which are new or 
revised, on the steels, both carbon 
and alloy; iron ferro-alloys; and 
numerous tests. Part Il: Non-Ferrous 
Metals, $11.00, 1516 pp.—Of the 270 
standards in this part, which covers 
coppers, leads aluminum, mag 
nesium, and metal powders, 156 are 


new or post-1952 revisions 


ASTM Standards on Copper and 
Copper Alloys, ASTM, $5.75, 654 pp.., 
1956.—This volume incorporates 
handily all ASTM standards devel 
oped by Committees B-5 on Copper 
and Copper Alloys, B-1 on Wires for 
Electrical Conductors, and B-2 on 
Non-Ferrous Metals and Alloys. Fifty 
of the specifications have been re 
vised since the previous edition, and 
a new one for threadless copper pipe 
has been added 


Symposium on Atmospheric Corro- 
sion of Non-Ferrous Metals, ASTM 
$2.75, 164 pp., 1956.—This work 
offers the results of exposure tests 
begun 27 years ago by Committee 
B-3 on Corrosion of Non-Ferrou 
Metals and Alloys, utilizing 24 
wrought alloys of zinc, nickel, cop 
per, lead, tin, and aluminum. The 
test report lists all data gleaned 
from 9000 test specimens, and nine 
papers discuss in detail the signifi 
cance of the results in each field 


Minerals for Atomic Energy, by 
Robert D. Nininger D. Van Nos- 
trand Co., Inc. $8.00, 380 pp., 1956 
Revised edition of a complete hand- 
book on prospecting for atomic en- 
ergy minerals. Part I describes the 
minerals and mineral deposits that 
are sources and potential sources of 
uranium, thorium, and beryllium 
Part II is a comprehensive survey of 
the various areas of the world with 
respect to their favorability for new 
deposits of atomic energy mineral 
Part III covers prospecting equip 
ment and technique 


Specifications and Tests for Electro- 
deposited Metallic Coatings, ASTM 
$1.85, 92 pp., 1955.—This is a con 
cise presentation of specifications, 
testing methods, and recommended 
practices for electrodepositing metal 
lic coatings 


Elementary Crystallography, by M 
J. Buerger, John Wiley & Sons 
$8.75, 524 pp., 1956.—-An introduction 
to the fundamental features of crys 
tals, this text is designed to provide 
a solid foundation crystallo 
graphic theory and the symmetry 
properties of crystal 


Symposium on Basic Effects of En- 
vironment on the Strength, Scaling, 
and Embrittlement of Metals at 
High Temperatures, ASTM, $2.75, 120 
pp., 1956.—A collection of papers on 
oxidation and surface effects and on 
creep under controlled atmospheres 


(Continued on page 1612 
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NOTHING 


can equal 


FOR EASY FABRICATION. At Young Machinery Company, fain SS lee 
Muncy, Pa., this man, like all good welders, has no trouble J J 


with Stainless Steel in the shop. Both electric and heliarc 


welding are used extensively on Stainless. Fabricating opera 


tions are different, but they're not difficult 
in its combination of desirable properties 


No other design material can match Stainless Steel in its 
combination of desirable properties: corrosion resistance, 
strength and hardness, beauty, cleanability and easy fab- 
rication. When seeking a source of supply, remember that 
United States Steel offers you the widest range of types, 


finishes and sizes 


MITER STATES STECL CORPORATION PITT & wiht 


STATES STEEL SUPPLY Want HOUSE 


WITED STATES STEEL CaPORT TORE 


USS STAINLESS STEEL 


FOR HARD SERVICE. ‘This Kooler-Grill is made by the Victor SHEETS STRIP PLATES BARS BILLETS 


Products Corporation. It grills 200 hot dogs per hour, heats 
Ga. PIPE TUBES WIRE SPECIAL SECTIONS 
the buns and stores plenty of ice cold drinks. USS Stainless 


Steel is used for all the areas subjected to hard service— 


where other materials would chip, dent or corrode. UNITED STATES STEEL 


FOR LONG LIFE. In 1934, the Burlington Zephyr startled 


the world with an average speed of 77.61 mph between 
Denver and Chicago. That original train is still in service 
after rolling about 3 million miles, and the Stainless Steel 
exterior remains in perfect condition. 
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Compact, self-contained Stokes Vacuum Furnace is being used for investigations 
melting of high temperature alloys, at International Nickel Company, Inc., Bayonne, New Jersey. 


THE METALS INDUSTRY 
1S PROFITING FROM THE 
USE OF OTHER STOKES 
PRODUCTION EQUIPMENT 


Vacuum Pumps. For rapid evacuation and 


holding high 


vechanical 


vapor diffusin 


lesign affords | 


var 


) 


offers 


Ring-Jet oil 


booster pumps. New 


100% 


greater speeds 


of vacuum 


Vacuum Metollizers. >« 


plete line 
mentt 
finish 


coatings 


ot 


va 


ateriais 


; qj 
aod ite metals fort rtace 
also to provide conductive 


International Nickel studies 
“super” alloys—melted and cast 
in Stokes Vacuum Furnace 


Powder M 


the 


have t 


The “thermal barrier’’ may be pushed even higher, for jet engine 
service, as the result of investigations in vacuum processing of alloys 
in a Stokes furnace, at International Nickel’s Research Laboratory. 


Exclude air and remove gases from metals, and 
you can create extra properties of strength and 
endurance that are unattainable by conventional 
techniques. This is one of the promising lines of 
metallurgical development that International 
Nickel Company, Inc. 1s investigating in their 


laboratories at Bayonne, New Jersey. 


Using a Stokes Vacuum Furnace the company iS 
studying the effects of vacuum melting and cast- 


‘ 


ing on a variety of nickel base | 


alloys such as 


Inco 700 and 713, destined for jet engines and 
other extreme temperature service. They also plan 
to examine the | ossibilines of vacuum melung of 
special nickel alloys containing oxidizable ele- 
steels, cast iron and copper 


ments, stainless 


base alloys. 


An induction heating crucible, inside the Stokes 
furnace, handles charges up to SO pounds By 


means of the Stokes vacuum lock, Inco techni- 


etal Presses. Cost savings and 


ng of incor amibie alloys 
owder metallurgy an accepted 
ke the most mplete 
€ i the industry 


cians can manipulate the mele during heating 
even take melt samples while high vacuum 


is constantly maintained 


Pioneer and leader in high vacuum technology, 
Stokes offers a comprehensive line of vacuum 


furnaces which are implemenung progress in 


vacuum metallurgy. Equipment ranges in capac 


ity from laboratory scale furnaces to those 


Cay able of melung and casting charves of 4000 
pounds on a ro tion basis 


Microvac 
Vay or Booster Pumps 


The combinanon 
of Stokes high capacity mechanical 


Ring-Jet 


gives fast pump-down and dependable mainte 


pum} sand 


nance of required vacuum down to the low 


micron ranpes 


Write to Stokes for technical literature, and for a 
consultation by one of our vacuum specialists on 
the parti ular type of vacuum furnace equipment 


that we can engineer for your spec fie requirements 


REFERENCE DATA: Vacuum Catalog 790 ¢ Microvac Pumy 
Catalog 752¢1 ronand Be tert nand Performan e Data 
e Story of tl Jet P Hookle 56¢ How to Care tor Your Va 
Pumy Box im Metallizing —Catalog 780¢ Vacuum Calculator 
Slide Rule ¢e Powder Metallurgy Today « Powder Metal Presses—Catalog 4&1 


Vacnum Furnace Division 


STOKES CORPORATION 


5540 Tabor Road, Philadelphia 20, Pa 


»* 
{ 
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Books 


(Continued from page 1608) 


Please Order These Publications 
from the Publishers 


Year Book for 1955, American Bureau 
of Metal Statistic 50 Broadway 
$3.00 postpaid, 127 pp., 
1956.—-Production, consumption, and 
operating statistics of lead, copper, 
zim aluminum, gold ilver, and 
other metals are included in addi 
tion to tables of metal prices, lists of 
metallurgical plants and capacitic 


Zirconium—tTechnology and Econ- 


omics, Atomic Industrial Forum. 260 
Madison Ave 
pp., 1956 


N. Y. C., $3.00, 125 
A presentation of papers 


chemistry and 


and discussion on 
production of metallic zirconium, 
fabrication, properties, corrosion be 
havior, alloys, supply of raw and 
refined materials, commercial prod 
ucts available, future AEC and in- 
dustrial requirements, based on the 
proceedings of a two-day Forum 
meeting 


Germanium in Fly Ash and its 
Spectrochemical Determination, by 
J. S. Machin, and Juanita Witters, 
Circular 216, State Geological Sur- 
vey Div., University of Illinois, Ur- 
bana, Ill, free, 1956.—Report on the 
germanium content of fly ash in the 
Chicago area by spectrochemical 
means, with a detailed description of 
the method employed 


JPL...AN ESTABLIGHED CENTER OF 


GUIDED MISGILE RESEARCH AND DEVELOPMENT 


phy sik al sciences 


$01 STATE PreveicisTs 


« NUK 


As a respected nucleus of scientific research and development, 


FAR 


APPLIET 


the Jet Propulsion Laboratory's prime objective is to obtain basic 
information in the sciences related to missile development. Its 


program also includes fundamental research in most of the 


The work at JPL includes a search for new propellants and 
new materials, and the investigation of basic concepts and proc- 
esses in both chemical and nuclear propulsion 

Exceptional opportunities for original research under ideal 
working conditions have resulted in an effective group of scien- 


tists and engineers devoted to the attack on problems of the future 


JOB OPPORTUNITIES NOW AVAILABLE FOR 


MECHANICAL ENGINEERS ©¢ NUCLEAR ENGINEERS 


CHEMICAL ENGINEERS METALLURGISTS 


MATHEMATICIANS 


Write today for further information 


JET PROPULSION LABORATORY 


A DIVISION OF CALIFORNIA INSTITUTE OF TECHNOLOGY 
PASADENA, CALIFORNIA 
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The Development of Markets for 
New Materials, by E. Raymond 
Corey, Division of Research, Harvard 


Business School, Cambridge, Mass.., 
257 pp., $4.00, 1956.—This volume 
presents the results of a_ study 
of how markets are built for 
new end-product The study is 


based upon a number of actual case 
histories of marketing procedures in 
the aluminum, fibrous glass, and 
plastics industries. It i 
describe details of market develop- 
ment and to abstract and analyze the 


designed to 


common problems encountered 


Personnel 


(Continued from page 1599) 


ore analysis and extractive metal 
lurgical tests. Will accept recent 
graduate. Salary, $4800 to $5400 a 
year. Company will pay placement 
fees. Location, Denver. W4208 


Sales Engineers, graduate metal 
lurgists or chemical engineering de 
grees, to contact, on assignment, es 
tablished and new accounts to deter 


mine equipment requirements in the 
mineral processing industry. Pre 
vious sales experience not essential 


Travel, 25 pct. Base $6000 a 
year plus commission. Company will 
pay fee. Headquarters, New York 
and also Denver. W4207 


salary 


Metallurgist, BS, with three 
years metals experience or advanced 
degree required, to work in research 
and development of alloyed metal 
powders and in some of the scarce 
metals. Salary, $6000 or higher. Lo 
cation, Massachusetts. W4188 


Metallurgist, with MS 
and at least five years experience in 
applied research in nonferrous mate 
rials. Salary, $8000 to $10,000 a 
year. Location, eastern Pennsylva 
nia. W4127 


degree 


Senior Metallurgist, B.S. degree, 
with five to nine years nonferrous 
experience on electronic tube mate 
rials. Salary, $9000 to $9600 a year 
Location, Long Island, N. Y. W4120 


Sales Engineer, 30 to 40, with met 
allurgical and alloy welding experi- 


ence, for sales and process engineer- 


ing including clad metals. Salary, 
$8000 a year. Location, Newark, 
N. J., area. W404] 

Customer Service Metallurgist, 


B.S., 25 to 40. Must have had at least 
two years experience in technical 
service and knowledge of ferrous 
and nonferrous alloys. Will have 
direct contact with customers ren 
dering technical service and consul 
tation on specifications, processing, 
testing, and customer complaints 
pertaining to vacuum-melted metals 
and alloys, both ferrous and nonfer 
rous. Traveling, no car required 
Salary, $7000 to $8500 a year 
tion, New York State. C5729 


Loca 


Paw 


MCA Columbium 


and 


A challenge for the metal industry 


Research in metals is today the most extensive and rewarding in history. 
The challenge of this fast moving jet age and the unfolding of atomic power 
has presented demands far surpassing previous metallurgical requirements. 

In contrast with the diminishing supply of some alloying elements, pre- 
viously-scarce Columbium is now, and will be in the fore-seeable future 


available in great abundance. Here is an element that has scarcely been in- 


vestigated, yet its physical properties offer great metallurgical advantages. It 


already is used in high-temperature and anti-corrosion applications. It also 


shows promise in the heat-treated common steels for added impact and 


transverse strengths. Tool steels used for long production runs may be 


aided by Columbium. 
The unlocking of further knowledge in the use of Columbium is an oppor- 
tunity which will prove most rewarding to alert metallurgists. For further 


details and technical application data write today. 


creat Dees CORPORATION OF AMERICA Pittsburgh 19, Pa. 


Offices: Pittsbu. gh, Chicago, Los Angeles, New York, San Francisco 
Soles Representatives, Brumiey- Donaldson Co., Los Angeles, San Francisco 
Subsidiory, Cleveland Tungsten, inc, Cleveland 

Plants: Washington, Pa., York, Pa. 
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+s service engineers are thoroughly familiar with 
electrothermic and electrochemical operations. They are 
competent to render high level technical advice to electrode, 


anode, carbon brick and mold stock customers. 


The alertness of these service engineers in anticipating 
customer needs and wishes is a characteristic plus factor in 
the trustworthiness of GLC carbon and graphite products. 


ELECTRODE The high degree of integration between discoveries in 
our research laboratories, refinements in processing raw 
materials and improved manufacturing techniques is further 


assurance of excellent product performance. 


Divistoun 


Great Lakes Carbon Corpor ation 


GRAPHITE ELECTROD ‘Ss A | OLDS ana SPECIALTIES | 


ADMINISTRATIVE OFFICE: 18 Eost 48th Street, New York 17, N.Y. PLANTS. Niagara Falls, N.Y Morganton, N.C OTHER OFFICES: Niagara Falls, N.Y., 
Ook Pork, tll, Pittsburgh, Po. SALES AGENTS. J B. Hayes Company Birmingham, Ala George 0. O'Hara Wilmington Cel. SALES AGENTS IN OTHER 
COUNTRIES, Great Northern Carbon & Chemical Co. ltd, Montreal, Canede, Great Eastern Carbon & Chemical Co., Inc, Chiyode Ku, Tokyo, Japon 
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RAMSET 


Basifrit 
Serving the nation’s bhasie steel GUN DOL 


industry with quality refractories 


for the construction, GUNMIX 
and repair of open hearth and 
GONCHROME-M 


electric steelmaking furnaces. NR 


GOUNMAG 


~ 


PORATED 
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You Benefit from ELECTROMET’S 


Research Development 


Production 


a 
Portiand, Ore 


Detroit, Mich 


Cleveland, 
@ Pittsburgh, F 


Chicago, lll. & 


Marietta, Ohio 


e San Francisco, Calif 
A Oakland, Collf 


Sheffield, Alo Ba 


@ Birminghom, A! 


Los Angeles, Calif 


Houston, Tex 


ca 


For 50 years ELECTROMET has produced ferro-alloys and 


rvice 
metal essential in the production of steel, iron, and non-!.:rous e — and Servi 
metals. Research and development by ELECTROMET during Offices 
these 50 years have provided the trade with new and better ie Plants 


alloys and metals to meet peciie needs. Increased emphasis on 


A Warehouses 


research and development promises continued benefits in the 
future 


The ELECTROMET story is one of steady growth and progress 
for the benefit of the metal indy trie When you buy from 


hee TROMET, you get the best in alloys and service plus the 


advantages of long manufacturing experience and extensive 
research, 


Here are some of the advantages you get from ELE« rROMET's 


integrated program 


Competent Metallurgists and Sales Engineers 


Nine sales and service offices are strategically located in the 


major steel producing centers as shown on the map above. If 


you have a problem on metals or alloys, let one of our experi 


enced metallurgists or sales engineers help you. He will be 


glad to assist you with any problems on the productior of 


quality steels, irons, and non-ferrous metals Simply telephone 
or write the ELECTROMET office nearest you. 


B Ca Ch Cr Mn Si Ti V W Zr 


Servi 
| j 005 
Niagora Falls, N. Y¥ 
York, N.Y 
th 
| |Electromet ) 
» 
— 
; 
| 


Continuing Research and Development 


Since 1906 ELECTROMET has carried on a three-way program 
of research, development, and technical service. More than 
300 skilled research scientists, engineers, and technicians work 
in ELECTROMET’s Metals Research Laboratories and Develop- 
ment Laboratories at Niagara Falls (shown here). This pro 
ram provides you with new ferro-alloys and metals, better 
ways of using them, and new and improved alloy steels and 
irons. Innovations are fully developed in our laboratories 
before they are offered commercially. 


Wide Range of Alloys to Meet Your Needs 


Over 50 different products are manufactured to meet the 
regular requirements of the metal industry as well as the 
special needs of customers. This wide range of high-qualit) 
ferro-alloys and metals is the result of 50 years of research, 
development, and service by ELECTROMET. ELECTROMET offer 
the widest selection of ferro-alloys and metals to meet your 


specific requirements. 


Seven Modern Plants—4 With Own Power Facilities 


Our plants have been greatly expanded and modernized to 
meet the current demands for ferro-alloys and metals. The 
recently completed plant at Marietta, Ohio, is the world’s 
largest ferro-alloy plant. Company-owned power facilities af 
four of the plants assure a constant supply of power for efficient 
production, Prompt shipment of ELECTROMET ferro-alloys 
assured from all seven piants, and from six warehouses con 


venient located to serve you. 


World Wide Ore Sources 


The availability of ores, and other raw materials is assured 
by ELEcTROMET’s diverse facilities, including mines and ore 
milling plants owned by UNION CARBIDE. Helping to assure 
adequate ore supplies are the ore buying facilities of Union 
Carbide Ore Company, a Division of Union Carbide and 
Carbon Corporation. Ores come from the far corners of the 
earth to ELECTROMET’s plants. On this simplified map of the 
world, svmbols for the chemical elements indicate a few of the 


major sources of alloy ores. 


ELECTRO METALLURGICAL COMPANY 


A Division of Union Carbide and Carbon Corporatior 
30 East 42nd Street UCC) New York 17, N.Y 


OFFICES: Birmingham « Chicago « Cleveland « Detroit + Houston « Los Angeles 


New York « Pittsburgh « San Francisco 
in Canada: Electro Metallurgical Company, Division of Union Carbide Canada 


Limited, Welland, Ontario 


The term “Electromet” is o registered trade-mark 


of Union Corbide and Cerbon Corporation 
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How many costs 


are hidden 


using 


Some that you know of — the cost of handling, the space 
it requires, and the melting loss you’ve already figured on. 


But it’s the unknowns — like the possible contamination 
of a heat — that can really hurt — that too often make this 
source of alloy metal a poor bargain at best. 


Contact us today — find out why so many producers 

find it actually pays to buy Alloymet nickel base pig and 
shot* at a premium of approximately 5% over 

the cost of nickel scrap. 


*Alloymet available in a complete range of nickel 
chrome, nickel iron and nickel copper analyses. 


NY ALLOY METAL DIVISION 


PHONE 6-2561 @ TELETYPE DV 588 1701 ROCKINGHAM ROAD 
DAVENPORT, 10WA 


World's largest producer of secondary nickel alloys of certified analysis 
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Photo courtesy of American Bridge Division of the United States Stee! Corporation 


BAKER’S MAGDOLITE AND JEBCOLITE 
are always 5 ways better 


Continued research and development through- 
out the years, plus The J. E. Baker Company's 
precisely controlled manufacturing methods, 
have resulted in the superior, properly burned, 
grain-sized Magdolite and Jebcolite particles 
which help provide: 

More uniform ingots —increased ingot pro- 
duction—increased furnace efficiency —lower 


refractory costs—less defective production 
material. 

Magdolite and Jebcolite* are the original 
dead-burned dolomites that offer better com- 
posiuon, preparation, strength, economy and 
quality. Don't say “dolomite.” Save dollars. 
Specify Baker's Magdolite for open hearth 
and Jebcolite for electric furnace use. 


* Jebcolite has the same superior chemical, physical and mineralogical characteristics as Magdolite 
and differs only in grain size which is designed specifically for electric furnace application 


THE J. E. BAKER COMPANY 


PRODUCTS | 
SINCE 1889 


YORK, PENNSYLVANIA 


PLANTS: BILLMEYER, YORK, PENNSYLVANIA — MILLERSVILLE, OHIO 
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“Forged from 3'2% Nickel Steel 


These gyratory crusher shafts 


weigh 102,000 and 34,000 Ibs. and are 25 and 17 feet long respectively. 
They were produced by Bethlehem Steel Company, Steelton, Pa. 


In large forgings like this...* 
You get desired properties reliably 
with Nickel Steel 


Usually husky parts like this cannot be quenched 
without special facilities 
How then do you get the superior mechanical 
properties often required in heavy-sectioned parts? 
By selecting a nickel alloy steel that doesn’t need 
a liquid quench to develop strength and toughness. 
Why Nickel? 


The tests of time and laws of metallurgy have 
proved nickel to be most valuable in developing high 


Anco, THE INTERNATIONAL NICKEL COMPANY, INC. 
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mechanical properties in heavy forgings. Nickel, 
often acting with other alloying elements, increases 
the hardening response of steel parts too large to 
liquid quench. The resulting microstructure formed 
gives added strength and improved toughness. 


Do you have a problem? 
Nickel alloy steels are used for dependable trouble- 
free performance in the most demanding applica- 
tions. Send us the details of your problem. We may 
be able to help you — write today. 


67 Wall Street 
New York 5. N.Y. 


1 
. 


Gain in output of electric furnace steel in the face of lower open- 
hearth and bessemer output is a feature of U.S. production during 


the first three quarters of 1956. This is due in small part to rela- 


tively higher electric output during the steel strike, and electric 


furnace steel is running 10 pet above 1955. Alloy steel continues 


to push output upward, although more than half of current elec- 


tric furnace production is carbon steel 


Recent blocking of the Suez Canal has been the cause of much 


concern among European industrial and financial circles. Some 


three-fourths of Europe's oil is derived from Middle-Eastern 


sources, and supplies can not be maintained at present levels by 


shipment around Africa. Europe must, therefore, draw upon oil 


sources in the Americas. Coal substitution is limited with mines 


already struggling to expand output. Thus, Belgium has ordered 


an extra one million tons of U. S. coal, and emergency orders are 


expected from other countries. The overall result for Europe: a 


growing dollar shortage, rising shipping and raw material costs, 


and strong inflationary pressure 


The effect on steel production is nonetheless direct. More than one- 
third of British steel—over seven million tons—is produced in oil 


fired furnaces, and the steel industry is, in fact, the largest user of 


fuel oil except for refineries themselves. The possibility of substi- 


tuting other fuels is limited 


The Suez Canal is also of great importance in the transport of 
Malayan and Indonesian tin, Indian manganese ore, Australian 


lead and zinc, and other ores and metals. Tonnages which passed 


through Suez, westward bound, during 1955 are the following, in 


thousands of long tons 


Iron ore 2,044 Lead and lead ore 161 
Manganese ore 1,687 Copper and copper ore 124 
Zine and zine ore 326 Tin and tin ore 104 
Titanium ore 286 Aluminum and bauxite 83 


Chrome ore 252 Other ores and metals 233 


Of the above shipments, U. S. interest centers chiefly on man- 


ganese ore, for some 833,000 tons passed through Suez enroute to 


our shores in 1955 


The Suez Canal situation is adding to problems of the current 


tight market in heavy steel plate. The program to construct 50 


supertankers, now being contemplated by the U. S. Government, 


would suddenly create a need for some 750,000 tons of heavy plate 


from an industry already operating at capacity 
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The words ‘Corhart  Plectrocast 
Corhart Retraccores le 
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QUESTION: 
a Why is CORHART 104 
different from other 


CORHART 104 


ELECTROCAST 
_REFRACTORY 


sde Marks which indica ure by Corhart Refractories Company, Incorporate 
ty Sereet. Le ewille SA Telephone CY press 44 


basic refractories? 


ANSWER: 


Corhart 104 is different from other basic refractories be- 
cause of its method of manufacture. It is made by electri- 
cally melting conventional raw materials at 4450” F., and 
then pouring this refractory liquid into pre-formed molds 
where it solidifies, forming a homogeneous, interlocking 
crystalline refractory structure. 


QUESTION: 


What Advantages Are Available 
With CORHART 104? 


ANSWER: 


Corhart 104 offers the advantages of non-connecting po 
rosity, interlocking structure and greater mechanical 
strength at operating temperatures. Its high density makes 
it more impermeable to gases and slags. Its absence of con- 
necting porosity gives it a greater degree of corrosion 
resistance. 


QUESTION : 


When may we discuss possible use 
of CORHART 104 in your operation? 


{ 


THE HOW AND WHY 


OF THE WORLD'S PUREST SILICON 


The purification of silicon by Bell Laboratories metallurgists has 
been richly rewarding. Their original research in this field revealed the 
chemical factors that control semiconductors; it was a major advance 
leading to Bell Laboratories’ invention and development of transistors 
and the Bell Solar Battery. Now they have devised a simple but highly 
effective way to remove boron—one of the most difheult impurities to 
extract from silicon. 

During refining, a stream of hydrogen and water vapor is kept 
flowing past the silicon. As the water vapor passes over the liquid silicon, 
it seizes boron atoms, forming boron oxide. The oxide is then pulled 
away to condense on the: wall of the refining tube which is cooled by 
a water stream. Result of refining: boron and other harmful rn purities 


are reduced to less than one part in LO,000,000,000, 


The new silicon is being used to develop still better transistors and 
rectifiers tor telephony It is another example of how Bell Laboratories 


metallurgists help open the way to improved telephony. 


BELL TELEPHONE LABORATORIES 


World center of communications research and development 


Metallurgist Henry C. Theuerer, M.A. in Chemistry, Columbia, watches a 
molten zone in a silicon rod under purification. Mr. Theuerer’s most recent 


achievement was development of water-vapor treatment for removal of boron 
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OVER 105 YEARS 
... knowing how 


Today’s SWINDELL Electric Melting Furnaces, 
employing the most advanced construction 

and operating features, reflect in their performance a 
continuity of steel-melting knowledge and experience 
extending over 105 years. In fact, a very large American 
steel producer has been our customer for 103 years. 

« Knowing how is one of the two great qualities in 
SWINDELL furnace production. The other is integrity. 
¢ Let us consult with you. 


SWINDELL-DRESSLER corp. 


DESIGNERS AND BUILDERS OF 
MODERN INOUSTRIAL FURNACES 


Pittsburgh 30, Pa. 


a/ 
States 
in, 
| J 


An early patent (No. 70,042 
U. S. Patent Office) granted 
to Mr. William Swindell for 
an improved crucible furnace, 
for the melting of steel. 


ELECTRIC 
MELTING 
FURNACES 
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ELECTRIC FURNACE STEEL 
COMMITTEE 


Executive Committee 
CE Sons, Cheirmes P R. Gouwens 
Ba Me ratitute Fore 
Cc Staley Post Chairman C.G Mickelson 
Amer teci ie 
AIME, New York ‘ 
A. K. Blough GC Olson 
Gerhard Derge A Sched, 
reetitute ‘ Technology tee 
G. G. Zipt 
Babcock & 
Conference Committee 
DL Clork, Cheirmen Welter Punko 
enter Ste Products ¢ 
D A Finch 
National Ma ry & Steel Castings Furth terling Ine 
Keyser Cc Vokec 
Battelle Memorial Institut 
C. C. Locke L F Weitzenkorn 
West Mict gar tee! F mary ee 
G. F. Neely Cc Williams 
wm Mold A tron ¢ Casting ¢ 
Vv j ‘Nolan Cc w “Yutmeyer 
National Carbon ¢ 
Finance Committee 
H_N. Barrett, Chairman 
Basic Retractorie 
we Albough RR 
Miller Hoeg Sponge tron Cor; 
5.8 Casey, Jr RK Kulp 
lew Electr Met gical 
Cc j. Chapman Robert Munroe 
Not whon ¢ tional Refractor 
RW. Dally H.E On 
Robinson Clay Product Vanadium ¢ t Amer 
Committee on Arrangements Membership Committee 
J Richey, Chairman 4 Nolen, Cheiemen 
” tee! Foundrie 
Ab, J Bosley 
A. E. Bickell 
4. Comey eneral Retractories 
Cor, EA Brondler 
McCurdy Electro Metallurgical 
Repub! Cort DJ Girerds. 
H T ken R er Bearw 
J Oven TJ McLoughlin 
CW. Vokac RE Woltensperge 
Whiting Cory Cas 
iq 
EFSC Attendance 
1943 
1944 569 1948 534 1952 823 
1945 500 1949 585 1953 749 
1946 546 1950 620 1954 882 
1947 569 1951 752 1955 949 
1956 ? Vv. E. ZANG 
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PLUS outstanding engineering developments create a new economy in melting today 


The electric arc, a quick, clean source 
of heat supply for electric furnaces, 
provides higher thermal efficiency 
than any other supply of heat. The 
result is cost reduction and higher 
quality of product. Whiting Hydro- 
Are Electric Furnaces employ this 
important arc, yet outstanding exclu- 
sive Whiting advancements assure a 
still greater melting efficiency. This 
is accomplished through the use of a 
new patented control development 
that provides a constant arc for auto- 
matically heating and melting the 
charge. Add to this such Whiting 
features as an automatic electrode 
clamp, simplicity of top charge and 
air-counter-balanced hydraulic elec- 
trode positioning equipment... all 
contributing to greater savings. 


Talk over electric furnaces now with 
a Whiting Hydro-Arc engineer. Find 
out how, through scientific control 
and application, Whiting Hydro-Arc 
Electric Furnaces assure lowest cost 
Write for informative bulletins! 


per ton of melt. 
mind P , Many hints and suggestions for economical 
Whiting Corporation, 15602 Lathrop : electric arc furnace operation are contained 
Avenue, Harvey, Ill. in “Facts on Ouplexing” (FO-4), "The Elec- 
4 tric Furnace in The tron Foundry” (FO-6), 
Manufacturers of Cranes « Trambeam , **The Whiting Hydro-Are Furnace Control” 


Trackmobile e Foundry, Railroad and (FO-10). Send for the copy or copies you 
Chemical Equipment need right now! Specify by “FO" number, 


a 
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Heat More 
with 


The Morgan-lsley system offers you a better 
means of heating ingots with straight blast 
furnace gas, coke oven gas, natural gas or oil. 


The schematic shows the flow of combustion air and flue 
gases through the regenerators and soaking pit. The 
Morgan-lsley system employs vertical regenerators. It 
eliminates regenerator capacity under the crane runway 
thus freeing this valuable area for heating steel. 


MORGAN CONSTRUCTION COMPANY WORCESTER, MASS. 
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a vertical 
metallograph for 
the ultimate in 
versatility and 
photomicrography... 


PANPHOT 


Modern industry is called upon to test new materials and methods almost every week, 
The PANPHOT Metallographic Microscope is a highly versatile instrument designed 
for utmost efficiency, ease of operation, and long life. Material specimens, regardless 
of their size, can be observed from corner to corner in an upright position, 


¢ New vertical illuminator with rapid objective 
changing device. 


Low-power illuminator for photography speci- 
mens up to 60 mm. in size. 


Instant change-over from binocular observation 
to photography. 


Low-voltage lamp intense enough for photog- 
raphy, plus arc lamp and the highest powers 
of magnification. Magnification ranges from 
2x to 2000x. 

Vertical compact construction requiring mini- 
mum of space. 


&. LEITZ, INC., Dept. JM-12 
468 Fourth Avenue, New York 16, N.Y. 


Please send me brochure on PANPHOT Metallographic 
Microscope 


Name 


Street 


LeiIirz, tinc., 4686 FOURTH AVENUE, NEW YORK 16, WN. Y. 
Distributors of the worid-famous products of Ernst Leitz, Wetziar, Germany 
LENSES + CAMERAS + MICROSCOPES + BINOCULARS 
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MODERN ALUMINUM BILLET CASTING 


Only the best in extrusion billet quality is 
good enough for The Himmel Brothers 
Company, Hamden, Conn. They produce 
architectural aluminum extrusions, most 
of which are subsequently anodized. 
Their new electric billet casting shop 
using an integrated group of induction 
melting furnaces has assured a consistent 


supply of top quality extrusion billets. 


Billets are turned out at the rate of 2000 
Ibs. per hour by one supervisor and two 
men. Clean and cool working conditions, 
extensive automation, and negligible 
furnace maintenance provide a high re- 
turn on this investment. 

We should be pleased to give you more 


facts about this modern way of melting 


aluminum. 


AJAX ENGINEERING CORP., TRENTON 7, N. J. 


TAMA-WYATT =~ 


& 
AJAX ELECTRO METALLURGICAL CORP, end Ascests 


AJAX ELECTRIC CO The 
AJAK ELECTRIC FURNACE CORP. Ayan Wyatt 


1630-JOURNAL OF METALS, DECEMBER 1956 


Ba ant 
od Compenies 
7 
Furnaces tor Melting 


Noreleo 


PRODUCTS 


INSTRUMENTATION FOR 
RESEARCH, MATERIALS 
CONTROL AND PRODUCTION 


X-ray Diffraction Equipment 
X-ray Diffractometers 

X-ray Spectrographs 

X-ray Thickness Plating Gouges 
X-ray Absorption Apporotus 
X-ray Crystal Analysis Units 
X-ray Tubes and Rectifiers 


X-ray Cameras, Sample 
Spinners, Pole Figure Devices 
and Accessories 


Autrometer—24 Channel 
automatic Element Analyzer 


X-ray Custom Built Equipment 
for Special Applications 


Geiger, Proportional, 
Scintillation and Flow Type 
Detectors 


Electronic Circuits for 
High Speed Detectors 
with Pulse Height Analyzers 


Decode Scalers and Rotemeters 
Electronic Timers 

Line Voltage Regulators 

Radio Compass Controls 
Electronic Testing Equipment 
Fiame Photometers 

Electron Microscopes 

Electron Diffraction Equipment 
Emission Microscopes 

High Voltage Generotors 


Contact Microradiographic 
Equipment 


Gas Liquefier 
Industrial X-ray Equipment 


Industrial Magnetic Particie 
Testing Equipment 


Industrial X-ray Fiuoroscopes 


Industrial Image Intensifiers 
with Closed Circuit Televisvon 


and Norelco X-ray 
DP Analytical Equipment 


-.. the modern rapid approach to qualitative and quantitative elemental 
determination and structure investigation. 


Noreleo’s “EQUIPMENT DEVELOPMENT PROGRAM 
offers a broad selection of X-ray analytical equipment — bril- 
liantly conceived, so that it is possible to develop your labora- 
tory equipment in successive, relatively inexpensive stages... 
until you have the optimum in non-destructive 


analytical instrumentation. 


"EDP enables you to start with a basie 50 KY 
X-ray Diffraction Unit today, pointing toward 
complete diffraction and spectrographie facili 
ties tomorrow! Depending upon ultimate goal, 
the initial selection of Norelco equipment will 
permit gradual planned additions until a full- 
facility complement is reached, 


The Noreleo Basic X-ray Diffraction 
Unit is the fundamental tool for strue- 
tural analysis, utilizing film measure- 
ment techniques. Various precision. 
built cameras are available and their 
use is dependent upon specimen types 
as well as information required, 


The Noreleo Difflractometer in- 
cludes the basic X-ray unit ex- 
cept that detection counters and 
electronic circuitry are used in 
place of or as a supplement to 
cameras with exclusive four-win- 
dow radiation facilities. 


The Noreleo Speetrographs (50 
or 100 KV), added to the Dif- 
fractometer, consists of a high- 
intensity Noreleo X-ray exciter tube and specimen chambers 
designed for various specialty uses or general needs. New facili- 
ties now extend routine investigations of element analysis — to 
magnesium. Accurate determinations can be made, from trace 
amounts to 100% of a given element — in a matter of minutes, 
without nec @asity of film on plate standardization or processing 
techniques. The equipment is easily operated by laboratory 
personnel, Send today for complete information! 


NORTH AMERICAN PHILIPS COMPANY, INC. 


INSTRUMENTS DIVISION 
750 South Fulton Avenue, Mount Vernon, N. Y. 


In Canada: Rogers Majestic Electronics Lad., 11-19 Brenictifle Road, Leaside, Toronto 17, Ontario 
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ZIRCONIUM - MASTER ALLOY 


Light magnesium alloy castings will gain high 
impact strength at elevated temperatures when 
Zirconium is added. TAM’s Master Alloy provides 
a most efhcient method. Notch bars are readily 


soluble in production heats. Recoveries are high. 


In addition to greater impact strength at elevated 


INCREASED 
STRENGTH 


AT ELEVATED TEMPERATURES 


temperatures, a tough fine grain structure is 
produced ... relatively free of contamination. It 
is readily castable or extrudable, with minimum 
microporosity or microshrinkage. It resists 


corrosion, 


Foundrymen prefer TAM Master Alloy 
for its ease of handling and storing as well as its 
freedom from obnoxious fuming. 


TAM 
PRODUCTS. 


TITANIUM ALLOY MFG. DIVISION 
NATIONAL LEAD COMPANY 
Executive and Sales Offices 
111 Broadway, New York City 
General Offices, Works and Research Laboratories: 
Niagara Falls, New York 


Your order or your inquiry will receive prompt attention when addressed to our New York City office. 
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REGISTRATION 
Wednesday, December 5—9:00 am to 9:00 pm—Second Floor Foyer 


Thursday and Friday, December 6 and 7—8:30 am to 5:00 pm— 
Second Floor Foyer 


WEDNESDAY, DECEMBER 5 


Plant Trips: 
Republic Stee! Corp 
South Chicago Works 
Chicago, I 


American Steel Foundri 
Indiana Harbor Work 
East Chicago, Ind 


Chartered buses will leave from the Clark St. en 
trance of the Morrison Hotel at 11:00 am. Lunch will 
be provided by the host companies at Vogel's Restau 
rant, near the plants to be visited. There is a choice 
of visiting either the South Chicago Works of Republi 
Steel Corp., or the Indiana Harbor Works of American 
Steel Foundries. Buses will return to the Morrison 
Hotel by 4:00 pm. It is necessary for noncitizens of 
the United States or Canada to obtain a release from 
the company they plan to visit. They should make a 
request in writing to the company of their choice 


WEDNESDAY, DECEMBER 5 


6:30 pm—Embassy Room 
Electric Furnace Steel Committees Annual Dinne1 
and Business Meeting 
(All Chairmen of technical sessions are invited 
to attend) 


6 30 pm—Walnut Room 
Physical Chemistry of Steelmaking Committee 
Dinner and Busine Meeting 


THURSDAY, DECEMBER 6 


9:30 to 9:45 am—Ballroom 
GENERAL SESSION 


Welcoming Remarks: 
3y D. L. Clark, Chairman, Committee for the Four 
teenth Annual Conference 


l4th Electric Furnace Steel Conference 


ANNUAL DINNER 
THURSDAY, DECEMBER 6 
6:30 pm—Constitution Room, Reception and Cock 
tail Party for dinner guests 


7:00 pm—Ballroom, Dinner 


Toastmaster: E. C. Logelin, Jr., Vice President, 
U. S. Steel Corp., Chicago, I 


Speaker: E. R. Johnson, Vice President in 
Charge of Operation Republic 
Steel Corp., Cleveland, Ohio 

Men, Money, and Machines 


Subject: 


Response: 
$y C. E. Sim 
ecutive Committee 


Chairman, Electric Furnace Steel Ex- 
Announcements and Reports 


9-45 am to 12:30 pm—Ballroom 


BROAD VIEW OF ELECTRIC FURNACE 
STEELMAKING 


Honorary Chairman B. Schulz, Consultant 
Chairmen: 

H. F. Walther, Melting Superintendent, Steel and 
Tube Div., The Timken Roller Bearing Corp., Can 
ton, Ohio 
H. Weak, Consultant, Highland, Ind 
1. Appraisal of European Electric Furace Melting 
Paper by Robert Boutigny, Director of Engineer 

ing, Stein et Roubaix, Paris, France 
Fifty Years of Progress in Electric Are Furnaces 
Preprinted paper by Samuel Arnold, 3rd, Consult 

ing Engineer, Pittsburgh, Pa 
3%. Trends of Electric Furnace Growth as They Pertain 
fo Are Furnace Transformers 
Paper by Robert Bry, Manager of Sales, Trans 
former Apparatus Section, General Electric Co., 
Pittsfield, Ma 
4. Cyclical Rises and Declines in the Price of Steel 
Scrap 
Paper by Chapin Hoskins, Chairman, Institute of 
Trend Research, Hopkinton, N. H 


= 


2.00 to 5.00 pm—Ballroom 
SOLIDIFICATION OF ELECTRIC FURNACE STEELS 
Organized by Physical Chemistry of Steelmaking Committee) 

Chairmen: 
C. W. Sherman, Director of Research, Latrobe Steel 
Co Latrobe Pa 
Gerhard Derge, Jones and Laughlin Professor of 
Metallurgy, Carnegie Institute of Technology, 
Pittsburgh, Pa 
1. Solidification of Various Metals in Ingot and Sand 
Molds 
Preprinted paper by W. S. Pellini, Superintendent 
of Metallurgy Division, Naval Research Labora- 
tory, Washington, D. C 
Macrosegregation, Microsegregation, and Inclusion 
Types in Chrome-Nickel and Chrome Steels 
Paper by J. C. Fulton, Research Advisor, and R. H 
Henke Manager, Quality Control, Allegheny 
Ludlum Steel Corp., Brackenridge, Pa 
3. Solidification of Stainless Steel Ingots 
Paper by B. R. Queneau, Chief Metallurgist, Du 
quesne Works, United States Steel Corp., Du 
quesne, Pa., and D. J. Carney, Superintendent 
No. 2 Electric Furnace Shop, South Works, United 
States Steel Corp., South Chicago, Il 
4. Some Observations on Deoxidation and Hot Ductil- 
ity of Type 310 Stainless Steel 


ww 


Paper by R. A. Perkins, Research Metallurgist, 
Metals Research Laboratories, and W. O. Binder, 
Assistant Manager, Product and Process Develop 


ment Department, Electro Metallurgical Co., a 
Division of Union Carbide and Carbon Corp., 
Niagara Falls, N. Y 


DECEMBER 1956, JOURNAL OF METALS—1633 


i 
| 


Shrinkage and Density of Liquid Killed Steel in 

Hot Topped Ingots 

Preprinted paper by L. H. Nelson, Director, Con 
ervation and Yield Control, Crucible Steel Co 
of America, Pittsburgh, Pa 

Relation of Ingot Structure to Transverse Ductility 

of Heat Treated High Strength Steel 

Paper by J. V. Russell, Metallurgical Laboratory 
Director, and C. R. Weymuller, Metallurgist, Chi 
cago District, Republic Steel Corp., Chicago, Il 

Gas Problems in the Solidification of Steel 

Paper by T. B. King, Assistant Professor of Metal 
lurgy, Massachusetts Institute of Technology 
Cambridge, Mass 


FRIDAY, DECEMBER 7 


9:30 am to 12:30 pm—Ballroom 


DEVELOPMENTS FOR CONTROL OF QUALITY 
AND INTERPRETATION OF RESULTS 


Chairmen: 
L. F. Weitzenkorn, Works Metallurgist, Baltimore 
Works, Armco Steel Corp., Baltimore, Md 
W. J. Mathew Jr., Superintendent of Melting, 
Columbia Tool Steel Co., Chicago Heights, II] 


Rapid Hydrogen Analysis and Some Applications 
Paper by W. A. Peifer, Research Engineer, Alle 
gheny Ludlum Steel Corp., Brackenridge, Pa 
Discussion by D. W. Murphy, Research Engineer 

Bethlehem Steel Co., Bethlehem, Pa 
Molded Exothermic Lined Hot Tops 
Preprinted paper by H. D. Shephard, Metallurgical 
Engineer, Foundry Services, Inc., Columbus, Ohio 
Discussion by W. Heck, Melting Superintendent, 
Braeburn Alloy Steel Corp., Braeburn, Pa 
Discussion by H. O. Beaver, Jr., Plant Metallurgist 
Melting, The Carpenter Steel Co., Reading, Pa 
Use of Statistical Machines and Methods for Qual. 
ity Control 
Paper by W. R. Weaver, Director of Steel Conserva 
tion and Quality Control, Republic Steel Corp., 
Cleveland, Ohio 
Paper by J. J. Oravec, Chief Process Metallurgist, 
Duquesne Works, U.S. Steel Corp., Duquesne, Pa 
Discussion by C. R. Taylor, Supervising Metallur 
gist, Armeo Steel Corp., Cincinnati, Ohio 
Discussion by D. C. Hilty, Research Metallurgist, 
Metals Research Laboratories, Electro Metallur 
gical Co., a Division of Union Carbide and Car 
bon Corp., Niagara Falls, N. Y 


9.30 am to 12:30 pm—Constitution Room 


NEW APPROACHES TO HOT TEARING 
PROBLEMS AND LADLE REFRACTORIES 


Chairmen: 
P. R. Gouwens, Chief Metallurgist, Fahralloy Co., 
Harvey, Il 
C. B. Williams, Works Manager, Massillon Steel 
Casting Co., Massillon, Ohio 


Relationship of Freezing Characteristics to Hot 

Tearing and Deoxidation 

Preprinted paper by C. F. Christopher, Director of 
Research, Continental Foundry and Machine 
Division, Blaw-Knox Co., East Chicago, Ind 

Discussion 

Evaluation of Ladle Refractories 

a) Zireonite Ladle Linings 

Preprinted paper by W. D. Emmett, General Super 
intendent, Los Angeles Steel Castings Co., Los 
Angeles, Calif., and V. E. Zang, Vice President 
and Director of Research and Development, Unit 
cast Corp., Toledo, Ohio 

Paper by W. A. Koppi, Melting Superintendent, 
Lebanon Steel Foundry, Lebanon, Pa 
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b) High Alumina Linings 
Paper by V. J. Howard, Melting Foreman, Okla- 
homa Stee! Castings Co., Tulsa, Okla 


c) Ganister Vs. High Alumina 
Paper by Charles Faist, Metallurgist, Burnside 
Steel Foundry, Chicago, Il 


Discussion 


2:00 to 5:00 pm—Ballroom 
FUME CONTROL AND SCRAP SOURCES 


Chairmen: 


W. M. Patterson, Electric Melting Consultant, Alle 
gheny Ludlum Stee! Corp., Brackenridge, Pa 

C. W. Yutmeyer, Division Superintendent of Steel 
Production, Crucible Steel Co. of America, Pitts 
burgh, Pa 

Smoke and Fume Control 

Paper by H. W. Peterson, Sales Engineer, Freyn 
Department, Engineering Construction, Kopper 
Co., Pittsburgh, Pa 

Preprinted paper by C. Finkl, Plant Engineer, A 
Finkl and Sons Co., Chicago, Il 

Discussion by J. R. Atkinson, Dominion Foundries 
and Steel Co. Ltd., Hamilton, Ont., Canada 

Sources of tron Other Than Scrap 


a) Overall Picture of Sponge tron and H-Iron 

Paper by P. E. Cavanagh, Director, Department of 
Metallurgy, Ontario Research Foundation, Toron 
to, Ont., Canada 

b) Practical Aspects of Using Sponge Iron 

Paper by John Stalhed, General Manager, Sponge 
Iron Div., Stora Kopparberg Corp., Soderfer 
Sweden 

c) Molten Pig tron 

Paper by W. A. Hoff, Melt Shop Metallurgist, Re 
public Steel Corp., Chicago, Il 

d) Desiliconized Pig Lron 

Paper by S. Case, Technical Advisor, Battelle 
Memorial Institute, Columbus, Ohio 

Discussion by H. W. McQuaid, Consulting Metal 
lurgical Engineer, Cleveland, Ohio 

Efficient Preheater for Electric Furnace Charges 

Paper by R. J. Leary, Supervising Extractive Met 
allurgist, U. S. Bureau of Mines, Pittsburgh, Pa., 
and W. O. Philbrook, Professor of Metallurgical 
Engineering, Carnegie Institute of Technology, 
Pittsburgh, Pa 

2:00 to 5:00 pm—Constitution Room 


OPERATIONS: BULL SESSION 


Chairmen: 


N. H. Keyser, Assistant Chief, Process Metallurgy, 
Battelle Memoria! Institute, Columbus, Ohio 

H. C. Templeton, Chief Metallurgist, L. F. M. Co., 
Atchison, Kansas 

Bull Session—Why Oxygen”? 

Why We Use Oxygen in Our Acid Electric Furnace 


Preprinted paper by E. J. Etowski, Metallurgist 
and Ray Perry, Chief Metallurgist, Farrell-Cheek 
Steel Co., Sandusky, Ohio 


Discussion by J. S. Absalom, Research Metallurgist, 
American Steel Foundri« East Chicago, Ind 
Discussion by A. F. Gross, Research Metallurgist, 

Ohio Steel Foundries, Springfield, Ohio 
Discussion by V. T. Popp, Metallurgist, Cooper Al 
loy Corp., Hillside, N. J 
Discussion by Leroy Fink, Metallurgist, Electric 
Steel Foundry Co., Portland, Ore 
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HIS is in answer to many requests for informa 
tion concerning the role of Engineers Joint 
Council in the engineering profession, particularly 
the role of its Affiliate Member societies 


The profession is represented by societies formed 
of individual members having a common technical 
interest. To facilitate communication between mem- 


bers, local sections or chapters of national societic 
have been formed to operate in communities o1 
geographical areas. In addition, there are many 
local or regional societies composed of member! 


from the several branches of engineering 


The technical phase of the profession has been 
developed to a high degree by each society, but the 
impact of the profession on the public by the in 
dividual, his local section, or national society re 
quires a coordinated effort by all the segments of 
the profession. Engineers Joint Council provide 
the medium for this effort 


Associate and Affiliate Societies 


Associate Member societies are national in the 
activity and technical interest of their member 
differing only in size from the larger Constituent 


societies 


The Affiliate Member societies are composed of 
either of two types of organizations, or even a com- 
bination of both. One is the local or independent 
regional society, organized and operating for the 
benefit of the engineers in an area. The other, of 
greater importance here, is the federation of en- 
gineering societies, or local sections or chapters of 


uch societies 


Since all individuals trained in the engineering 
profession are engineers first and specialists second, 
there has developed the need for a common medium 
of expression. The federation of local section 
and/or regional societies provides a forum for 
pecialists with the one common interest, the pro- 
te ion of engineering, to become associated in af 
fairs of public interest 


Engineers, as professional persons, are obligated 
to devote part of their time and effort to matters af- 
fecting public interest. In order to help the engi 
neer obtain proper public recognition and profes- 
ional status, the public must know of him both a 
an individual and as a member of a group. The 
federation provides the medium through which the 
public may call on the individual or the group for 
the service and help that it need 


At national level, EJC provides the connecting 
link between the national and the local societies or 
federations, which find the problems in their com 


munities are similar to those in other communits« 


Affiliate Membership in EJC Evaluated 


and thus look to EJC to aid in finding an adequate 
olution 


EJC has a long-established and well-defined 
interest in policy contained in legislation affecting 
the engineering aspects of the development of the 
country, but in no instance has it taken a positive 
tand on a specific item of legislation. Local fede 
ation tate or regional, if formed and operated 
along the same pattern as EJC, would probably be 
permitted the same latitude of action within thei 
fields of interest 


A local federation enhance its effectiveness by 
becoming an Affiliate Member Society of EJC. A 
national policy has no value unless it has the sup- 
port of the local members; the individual engineer 
cannot know accurately what the national policy ts 
and how it may affect the community in which he 
lives except through group action 


The question has often been raised concerning 
the advantages of dual representation in EJC. One 
comes through regular membership in a national 
ociety with the ociety board representatives 
peaking for their members at the EJC Board. The 
other comes through an observer from a federation, 
which has a voice at all meetings of the EJC board 
and a vote at the annual meeting of the board, Each 
erves a specific purpose. The national society board 
member reflects the considered opinion of the ma- 
jority of the members at the national level, while 
the observer from the federation brings to the EJC 
board the specific policy problems of the area which 
he represent The opinions of each are essential to 
the establishment of satisfactory basic policy that 
will be of value and benefit to the profession and 
the public which we serve 


Science is continuing to provide engineering with 
ever-expanding vistas. The utilization of new met- 
al the applications of nuclear phenomena, the 
harnessing of the vast store of solar energy, elec- 
tronic and mechanical developments in automation, 
increasingly invest the engineering profession with 
ocial as well as technological responsibilities, The 
activities of this influential and representative fed- 
eration of engineering groups striving to bring to 
bear the weight of the entire profession on these 
problem hould stir the imagination and enlist the 
upport of every engineer 


E. Paul Lange 


(Ed. Note: Excerpted from an address presented by 
the author, EJC Secretary, at the Pacific Southwest 
Council of Local Sections of ASCE, April 19, 1956 
Background information on “The Role of EJC in the 
Profession” appeared in JOURNAL OF METALS Drift 


April 1956.) 
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offer you propertse® 
n resistance 
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3 & TOOL 
A yTica new YORE ()) 
ON yVACUUM MELTING 
P To the man responsible for product 
development and improvement: 
a 
The problems of yacuua melting in production quantities nave peen 
solved. There are considerable data available on the properties of 
var 10us alloys: 
put the work has just pesun- 
There remain many unexplored promisiné yses for yacuub pelted alloys 
-- and these uses gust ve explored by product ganuracturer® To them 
we offer our ,nowledee our facilities and, within our means» 
our purse. 
id pring your problems: your ideas, your questions: if you're Looking 
to the future you need & supplier who 35 too. 
wanager 
yetals pivisio® 
p.s. ytica can these through Vacuum Melting: 
High . increased guctility 
. Extreme cleanliness Better fatigue resistance 
Precise chemical control e Greater yield strength 
e Longer etress-ruptur® life Greater impact resistance 
j . Increased tensile strength e Greater creep properties 
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First Half-Century 
of 


Electric Furnace 


Steel Making 


Based on an Article by S. B. Casey, Jr 


Dr. Paul Heroult, 1864-1914 


4 


This furnace poured the first heat of electric furnace steel 
in America on April 5, 1906 It now stands enshrined on its 
original site at the Sanderson Holcomb Works of Crucible 
Steel Co. of America at Syracuse, N.Y 


N 1880, an electric arc was struck over metal for 
the first with controllable 
melting. The glare of this arc has reflected on the 
tacks of the steel industry and continued to lght 
the path of steelmakers in their never ending quest 
for faster, more economical, and better wa 


time to experiment 


of pro 
ducing stee! 

William Siemens is credited with first employing 
the electric arc to melt metal in a closed hearth and 
produce basic metallurgical reactions. By the turn 
of the century, an Italian, named Stassano, was ex- 
perimenting with ore reduction by the electric are 
In 1899, Dr. Paul Heroult, in France, used the direct 
are principle for producing ferro-chromium. His ex- 
periments quickly led him to develop a closed-top 


are furnace for the production of terl, and his first 
hipment 


commercial Wi recorded in December, 
1900 

American steelmakers, 
bilities of this method of melting, invited Heroult to 
our shore where, in 1905, he was responsible for 
installing the first are furnace on the North Amer 
at Sault Ste. Marie, wa 
built for ore reduction. But Charles Holcomb, foun 
der of Holcomb Steel Co. of Syracuse, N. Y. con 
tacted Heroult in 1905 and contracted for the first 
tee] mak 


tapped from 


quick to sense the possi- 


can continent. This furnace, 


American direct-are electric furnace for 
ing. On April 5, 1906, the first heat wa 
this 3-ton unit. The 
powered by a single 


furnace was basic lined and 


phase, 500 kw generator, pro 
ducing high amperage at low voltage 

It is interesting to note that, although the first few 
heats were made with cold charge ubsequent 
heats were duplexed. R. H. Bully, first 
ent of Holcomb Steel, persuaded the 
purchase the unit to effect a more economical and 
efficient means of making toolsteel by duplexing 
prime melting in a combustion fired furnace, and 


uperintend 


director to 


transfer of hot metal to the arc furnace for tempera 


ture adjusting, refining, and adding carbon and 
alloying elements. Today, duplexing is foreseen by 
teelmaking proce of the future 


hown by America’s first arc furnace 


some as the 
The promise 
for ingot production quickly led to the purchase of 


5. B CASEY, JR. is Sales Engineer with the Swindell. Dressler 
Corp., Pittsburgh, Po 
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The Treadwell Engineering Co. made the first electric steel 
castings in America with the above furnace. Initial heat 
was poured on November 11, 1911 


a similar unit by The Firth Sterling Steel Co., in 
1909, and to the purchase of the first arc furnace for 
production of steel castings, by the Treadwell Engi- 
From its humble start in 1906, 
never ceased to 


neering Co., in 1911 
production of are furnace steel ha 
increase its yearly percentage of total steel pro- 
duction in the U. S., although certain other method 
have declined or almost disappeared 

By its ability to be used intermittently, the are 
furnace gained favor and enhanced its reputation 
during depression days. When the attack on Pearl 
Harbor plunged us headlong into the long days of 
World War II, the are furnace flexible 
enough to be overburdened hearthwise 30 pct and 
flood of alloy 

which ulti- 


tood ready, 


powerwise 25 pet, pouring its endles 
for the guns, tanks, ships, and plane 
mately brought victory 

During the post war boom, the now proven vir- 
tues of low initial cost, faster installation, better 
yield, improved availability, and lower operating 
cost, enabled industry—particularly the small, new, 
independent producers—-to locate strategically and 
profitably to meet the demand of an America that 
had been starved for new homes, appliances, Cars, 
and highway 

In the Korean police action, the are furnace again 
metal- 
lurgist that the 


jet age and the innovations of guided missiles re 


proved itself by providing the latest alloy 
could develop to meet the demand 


quired 
In today’ 
is continuing to provide the economic flexibility re- 


peacetime prosperity, the are furnace 


an ever increasing demand for bette: 
hortage 


quired to meet 
teel in the face of mounting cost 
toward decentralized location of in- 


crap 
and pressure 
dustry 


Evolution of Furnace Design 

From the original hand-charged 
furnace of 1906. to the giant top-charged, eylindri- 
cal shell of 1956, with it emi-spheroidal hearth 
rated at 200-ton capacity, the are furnace has seen 
many interesting design changes 

Beiore it was a year old, the low-roofed, oblong- 
helled prototype saw its first basic change when the 
the hearth sur- 
cylin- 


j-ton capacity 


roof was raised almost a foot from 
face. A later prototype of furnace shell wa 


ae 
4 
» 


drical and mainly of the flat bottomed, single-phase 
type 

Melters devised chutes 
ing through furnace door and abilitv of the are 
furnace to be tilted he Iped to distribute the scrap 
furnace built 
open hearth and where door 
open 
hearth charger. It appears possible that the traffic 
a factor in 


and pe els to speed charg- 


In ome instance electric were 
alongside existing 
pace permitted, they were charged by the 
burden thus imposed may have served a 
the development of top charging 
As early as 1910, U.S. Steel installed a three-phase 
electric furnace. But, while development of cylindri- 
cal tilting shells and three-phase equipment began 
the design trend toward larger furnace sizes, the 
t single impetus was afforded by top charging 
About 1920, the Snyder coffee-pot lid furnace ap- 
peared. It was designed to cant the electrodes and 
roof upwards and back, thus exposing almost half of 
its top to charging pans. Damage to roof and elec- 
trodes minimized the powerful effect of decreased 
charging time, yet this did mark a step forward 
In 1924, Swindell engineers devised the first top- 
furnace in which the horizontal 
maintained while it wa 


charged electri 
position of the roof wa 
raised and moved aside. This furnace consisted of a 
electrode system and a two-shell turn 
hell being tapped and charged while the 
hell was in melting position beneath the elec- 
At least two of these units are still in opera 


tationary 
table, one 
other 
trode 
tion 

Considerable apprehension wa voiced by industry 
concerning the ability of the hearth, refractories, and 
furnace unit to withstand the impact of droppi.., a 
harge of cold metal into the open top of an are fur- 
nace. Experience quickly showed that the hearth 
actually compacted if reasonably protected by cush- 
ion scrap placed in the bottom 

With the impetus thu 
ing method, the number of furnace installations in- 


afforded by a faster charg- 
creased greatly. Various engineering approaches to 
evolved the gantry type furnace, 
wherein the roof was lifted and 
hell by a gantry method. Thi 
ployed by Heroult for many yea! 


top charging 
wung clear of the 
method wa em- 
and led to Euro 
lifted while the 


pean versions wherein the roof wa 


hell was transferred for charging 


35 
YEARS 


The above chart gives ample reason for optimism about the 
second half century of electric furnace steel 


Door charged units converted to top charged units 
in 1935 indicated that capacity was increased 11 pct, 
number of yearly heats increased 12.5 pct, savings In 
scrap cost were 5 pet, and annual production in- 
creased 25 pct with a saving of 10 pct in operating 
costs. In terms of manpower, the top charged fur- 
nice produced 87 pet more steel per man hour than 
its door charged counterpart 
also a development in shell height. This 
based on 50-ton furnaces supplied 
shows a 70 pct increase 


There wa 
1937-1956 trend 
to an eastern steelmake! 
in shell height brought on by top charging 

Scrap under 90 lb per cu ft was once considered 
economically unusable, but the advantages of top 
charging allowed the are furnace to take advantage 
of this less dense material. In today's accepted fur- 
nace design, the roof is lifted and swung aside hy- 
draulically or mechanically, enabling 75-ton units 
to be charged in 5 to 10 min with scrap density as 
low as 30 lb per cu ft 
Development of Electrical Equipment 

The first melters would have been better able to 
cope with their jobs if they had been born with three 
arms. Early regulators were handwheels or cranks 
Motor driven winches to hoist electrodes soon ap- 
peared, and the job of raising and lowering elec- 


trodes was done by push buttons with electric lamps 


connected between the electrodes and ground to in- 


dicate voltage. Thus, input was shoddy, and abuse to 
and electrical equipment was severe 

The first three-phase furnace transformer pro- 
moted increases in furnace size and number during 
the early 20 From 500 kw units and early units 
with single voltages of 90, 95, and 100 v, the first 


electrode 


1930 40 
MAXIMUM SECONDARY VOLTAGES 
40000 
35000 
30000 
« 23000 


4 HAND OF MACHINE DOOR CHARGE 
20000 


18000 


10000 
‘TOP CHARGE 


1930 46 
MAXIMUM TRANSFORMER CaraciTY 


HAND OF MACHINE DOOR CHARGE 


FURNACE 


Factors contributing to increased production of electric fur 
nace steel are shown above. Note the importance played by 
the change-over to top charging 
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range of 90 to 135 v 
During this time, oil circuit breakers, designed for 
transmission purpose were used to switch power 
off and on, but the increasing repetitive duty brought 
on by tap-changing, furnace short circuits, and top 
charging, forced deve lopment of a true are furnace 
circuit breaker, with changes in mechanical design, 
rupturing capecity, and interlocking 
By 1928, kva ratings increased to 7500 kva, and 
econdary voltages were on the order of 275 v. Delta 
Delta to Delta Star witching made the voltage 
range more flexible, and attempts were made in 
1930 to use 300 v with a special bus arrangement for 
500 ¥y 
Strides in transformers and circuit breakers were 
being matched by developments in regulation. Push 
button control was replaced by the early Seede 
(contact making ammeter) type regulators with no 
consideration given to voltage. This, at least. took 
the 100 pet human element, represented by all man- 
ual operation, out of the equation 
Later, the AU type balanced beam regulator wa 
developed; it is still seeing service. This regulator 
balanced current and voltage on a mechanical arm 
It offset the ever-increasing electrode burn-off rate 
and the more severe melting conditions that were 
developing as furnaces grew bigger, transforme 
ratings increased, and scrap conditions grew worse 
A similar increase was developing in kva rating: 
for a given furnace size, and as these ratings in 
creased, the impedance of the secondary path grew 
to such an extent that difficulty was encountered 
getting power into the furnace charge. To surmount 
this condition, secondary voltage were increased 
beyond prior bounds, and the furnace circuit wa 
redesigned to lower its impedance. Resultant high 
voltages caused excessive are lengths, and refractory 
costs sky-rocketed,. A long period of trial and com 
promise between voltage and impedance resulted, 
but improvements in refractories and furnace pro- 
portions helped in finally solving the problem 
In 1940, the first rotary regulators were tested and 
installed. These regulator based on the Ward 
Leonard principle, responded instantaneously to 
conditions inside the furnace, and moved electrode 
at the speeds necessary to combat these condition 
Since the consisted of motor generator unit they 
had few moving part thereby greatly reducing 
maintenance cost Today, thi type regulator is an 
accepted standard and affords electrode hoisting 
peeds up to 160 in. per min 
After World War Ul, the are furnace air circuit 
breaker came into its own. Its design carried it into 
voltage range up to 34.5 kv, with rupturing capaci 
ties up to | million kva LC. Being specifically de 
igned for the highly repetitive duty demanded by 
today’s practice, the air breaker has almost entirely 
atisfied the bulk of recent are furnace breaker sale 
When furnaces of over 100-ton capacities were 
developed, there was little use in applying voltages 
under 300 v to achieve an imput of say 20,000 kva. 
ince the impedance wa uch that, with increased 
current, input could fall below normal as the power! 
factor dropped off. Thus, the furnaces were rede- 
signed to lowe impedance voltage were raised. 
and although a study of changing frequency was 
considered, this trend never really got started 


Other Developments Speed Operation 
and Cut Downtime 
As furnace diameters became larger, two doors 
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no-load tap changer evolved in 1925 with a voltage 


were installed to permit ease of repair to the bottom 
and banks. During the 1930's, the shell also evolved 
from the side door type, tapping away from the 
vault (when deslagging was done through the 
spout), to a type where the furnace tilted forward 
for tapping, and deslagging was done at the slag 
door opposite the spout. A side door at 90° to the 
tilting axis provided the furnace with an opening 
for additions and hearth maintenance 

Drop-leaf, rope-tie charging buckets replaced 
older charging pans. In large shops, these were re- 


A 100-ton, elliptical shell furnace with six electrodes is 
shown being serviced by an open hearth charger. It was in 
stalled in 1927 at Timken Steel and Tube Div 


placed by a trip latch mechanism, which eliminated 
the rope tying operation as well as the interminable 
delay of the bucket over the furnace while waiting 
for the rope to burn 

In the early 4950's Harold Phelps, of Rotary Elec- 
tric, made a major contribution to the charging of 
electric furnaces with his adaptation of the old 
clam-shell design to scrap buckets. This eliminated 
rope expense in the amount of $75,000 per year in 
large shop permitted faster more controllable 
charging, eliminated the closing stand and tying 
operation, and the bucket once closed could be used 
as a leveling device 

Faster electrode hoisting, tubular-bus, water- 
cooled electrode holders, oversized roof rings, re- 
placeable panel type shells, water cooling, and a flush 
door operating mechanism, were all vital factors in 
improving production and reducing downtime to 
give the electric furnace the notable production rate 
and availability factor it currently enjoys 

Electrodes—of amorphous carbon, usually of 
quare or semi-octagonal cross section—were first 
imported from Sweden. Early American counter- 
parts were still made of amorphous carbon, but they 
had a circular cross section. Self-baking Soderberg 
electrodes were tried but never fully accepted on 
top charged units, partially because of their bulk 

In the early 1920's, a definite trend to the denser 
and more conductive graphite electrode became evi- 
dent, since its greater current capacity per unit 
diameter enabled the electrode circle to be de- 
creased, This gave better electric characteristics and 
a definite improvement in refactory life. These 
smaller graphite electrodes also decreased radiation 
and oxidation losses and did much toward lessening 
the inertia problem then evident in the fast reversal 
requirement of raising and lowering the electrodes 

Later improvements in electrodes were in terms 
of concentricity, tolerance of diameters, column 
strength, nipple joints, and tightening techniques 
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The Second Half Century 

The are furnace has an impressive future. With its 
inherent advantages of flexibility to changes in pro- 
duction schedule and changes in the steel market, 
and its relative geographical independence, allowing 
plants to be placed near markets, it is hard to tell 
how fast electric furnace steel production will grow, 
but grow it will. The last six newcomers to the steel- 
making industry use are furnaces as their melting 
medium 

Fuel costs, the big factor favoring the open hearth 
today, can be expected to favor the are furnace in the 
future. It is foreseen by experts that by 1975, open 
hearth fuel costs may increase 20 to 25 pct in terms 
of 1956 dollars, whereas, the constantly increasing 
efficiency of electric generating plants is expected 
to lower the cost of electric power! 

The percentage increase in electric furnace capa- 
city since 1925 closely parallels the climb in total 
U. S. generating capacity during the same 30 year 
period. On the basis of relative dollar values, kwhi 
costs for the total electric consumption in the U.S 
have decreased 33 pct since 1920, and, for the large 
industrial consumer, they are down to an average of 
10 mils per kwhr, a decrease of more than 50 pct 
since 1937. Generally, industrial power costs have 
fluctuated between 9 and 10 mils per kwhr for the 
past four years, but indications are that further re- 
ductions are entirely possible through the introduc- 
tion and advancement of new generating and dis 
tributing techniques 

Regarding metallics, the are furnace is now 
favored in cold melting, because of the use of pig 
iron and selective scrap for the open hearth. The 
spread between the are furnace’s scrap charge and 
the expensive metallics of the cold melting open 
hearth charge should continue, because of the grow- 
ing scarcity of high grade iron ore and the relatively 
high costs of taconites 

In hot metal practice, the are furnace is just enter- 
ing the field. Because of the high cost of thermal 
energy in the are furnace, it would appear that it 
might currently stand to gain further from the use 
of hot metal that was melted with cheaper fuel. As 
fuel and power costs equalize, the trend to are fur- 


nace duplexing should increase 

Development work for processing molten iron in 
the arc furnace is currently being carried on. One 
American electric-steelmaker has installed blast 
furnaces and is using a European method to rid the 
iron of impurities by a top blown method. Costs 
might be improved with a combination converter- 


— 


A 20-ton Swindell furnace is shown above, ready to be 
charged by a clamshell bucket 
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As furnace diameters increase up to 20 ft, production goes 
up at a more rapid rate than does equipment cost. But as 
size increases beyond this point, production should begin to 
level off 


are furnace, whose electrodes could be swung aside 
to permit the blow of oxygen, and returned over the 
bath to adjust temperature and final analysi 

Furnace diameters are increasing to match open 
hearth capacities, and furnaces up to 24'%-ft diam 
have been installed. As the size of furnaces and 
transformers increases, their cost increases propor 
tionally at a given rate. It can readily be seen, how- 
ever, that up to a certain point, production also in 
creases, but at a much greater rate. There is an 
optimum diameter and input rate somewhere in the 
progression, where the production profits, as opposed 
to investment and operating costs, level off and fin- 
ally descend 

There are indications that returns on larger diam- 
eter circular are furnaces are not a promising 4s on 
100-ton units, due to refractory expense, downtime, 
electrode consumption, and melting rate. Certainly 
there appears to be a definite limit on the melting 
effect of a three-electrode system on a furnace large 
than 200-ton capacity. A close electrode circle on a 
unit larger than 25 ft diam would result in cold 
metal around the banks, and a normal electrode cir- 
cle in proportion to diameter might result in poor 
melt-in characteristic, This, coupled with the fact 
that the impedance of extremely large furnaces re- 
ults in dangerous secondary voltages, and long are 
length, gives indication that it is entirely feasible 
that tomorrow are furnace of 200 tons or better 
might be a reversion to the elliptical shell with it 
ix electrode system. Research and experience will 
point this up 

The need of are furnace in both the alloy and 


carbon fields is as acute as ever Newer steel proc 
esses have certainly made their presence felt in esti 
mating future are furnace production, Yet, absolute 
control of temperature, better control and greater: 
range of fuel input, control of atmosphere and alloy 
loss¢ better ability to deoxidize slag and metal, 
ability to shut down and start up at will, minimum 
pace and labor requirements, and relatively low 
capital expenditure, forecast the growing future for 


the electric furnace that economic experts predict 
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Economics of the use of virgin melting stock in electric 
furnace steelmaking is not only a matter of the relative cost 


of melting stock as charged. Possible savings also result from 
lower furnace operating costs, lower rolling, forging, and 
annealing costs, and improved customer relations resulting 
from a known and uniform quality steel. Producers know that 
a large portion of their problems would be solved by reducing 
residual content of their steel ingots to half the present levels 


and maintaining it at a known level. This desirable end can 
be achieved by use of virgin melting stocks. 


Sponge Iron and H-lron For 


Electric Furnace Charging 


HE ideal charge for the melting and refining of 
all metals, from both the technical and quality 

control standpoint, consists only of virgin metal and 
return plant scrap. Steelmaking in electric furnace 
is no exception to this general rule. But, in prac 
tice, the addition of purchased scrap metal to the 
charge results in more profitable operation, unless 
contamination of the finished metal by the scrap 
causes rejection of the finished product or seriou 
difficulties in processing 

While it is generally true that scrap steel is a 
cheap source of iron for melting, the supply periodi 
cally becomes scarce and expensive. And under the 
present conditions of a rapid expansion of the steel 
industry, the price of scrap may become even higher 
than the price of virgin melting stock. In such 
times, there is intense interest in methods of pro- 
ducing and using virgin melting stock for steel 
making, and in comparing the relative merits of 
the different types of virgin melting stock available 

Virgin melting stocks can be divided into two 
categories: non-metallics, and metallics. In the first 
is iron ore, and in the second are pig iron, sponge 
iron, and lately H-iron. Each of these materials ha 
specific advantages and disadvantages 


Non-metallic Charge—lron Ore 
In the electric steelmaking furnace the main dis- 
advantage of iron ore as a melting stock is that it 


P. E. CAVANAGH is Director, Dept. of Metallurgy, Ontario Re 
search Foundation, Toronto. This paper is to be presented at the 
Electric Furnace Stee! Conference, Chicago, December, 1956 
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must be reduced from the oxide to metallic iron, and 
the electric steel furance is not designed or intended 
for this function. The result of using large amounts of 
ore in an electric furnace is excessive foaming, due 
to liberation of gas within the bath While high 
grade iron ore is a cheap source of iron units fol 
the charge, the maximum amount |! trictly limited 
by the practical requirement of keeping the charge 
in the furnace Neverthels processes have been 
developed in Europe for making steel directly from 
ore in electric furnaces, but these do not appear to 
be economic in this country 


Metallic Charge—Liquid Stock 

Adding metal to the furnace in liquid form pro- 
vides the most rapid and simple charging method, 
as well as the highest possible charge density 
Molten charge also eliminates power needed to melt 
in the electric furnace. These factors contribute to 
high production rates and low power consumption 

Pig Iron—Melting sponge iron to make pig iron 
in the blast furnace slags off the residual gangue in 
the ore, which otherwise would have to be slagged 
off in the steelmaking furnace As it melts, the 
ponge dissolves carbon from the coke to give a 
high carbon pig iron with the desirable feature of 
being handled at reasonably low temperatures; so, 
costs of handling and charging are relatively low 
Pig iron is an excellent reducer of iron ore, but, un- 
fortunately, bringing the two substances in contact 
in large quantities in an electric furnace is not 
practical 
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Table | Recommended Analysis of Premium Grade Sponge Iron 


Melting Stock, Pct 


Kequired 


Sponge Iren Ore Analysis 


Pet reduction 
Iro 


1 be controlled by the process 


chosen ore analysis 


Removing carbon from high-carbon pig iron 
in the electric furnace is costly and trouble- 
A reasonable per- 


efficient 


charge 
ome, even with oxygen lances 
centage of pig iron in the charge provide 
bath agitation during carbon removal, but it tend 
to delay tapping until some of the more sluggish re 
actions in the bath have been completed 

Blown Metal—lIt 
bon from pig iron by blowing in a bes 
verter. This results in a charge material more suit- 
unfortunately 


possible to remove most car- 
emer con 
able for the electric furnace, but 
the melting point rises as carbon decrease o, the 
metal must be maintained at a much higher tem 
perature, costing more than pig iron to hold and 
handle 

It is also possible to further purify pig iron and 
remove silicon and sulfur by treating in a ladle or 
down to level 
more charge Such blown 
metal, desulfurized and desiliconized and with high 
an excellent melting stock from the tech 


pite of the high temperature 


converter, bringing these element 


acceptable a naterial 
density 
nical standpoint, in 
at which it must be handled 


Metallic Charge—Solid Stock 


To most producer of electri 


Pig Iron furnace 
teel, discussion of molten charge metal is only of 
ince they have little prospect of 
Solid 


pig iron is a more familiar material. It has all the 


academic interest 
providing such material for their furnace 
disadvantages of molten pig iron, and, in addition 
it is not at high temperature and has considerably 
lower bulk density than hot metal. Pig iron 1 
upply 

renewed interest in 


abundant and in relatively reliable 
Sponge lIron—-Today there | 
ponge iron a furnace 
North America. This 1 
made in favorable locations for $45 to $55 per ton 
Sponge differs from previously 


electric melting stock in 


because ponge iron Can be 
of contained iron 
discussed virgin melting stocks in these 
low bulk density; 2) relatively 

3) residual iron oxide which 


feature 
1) relatively 
electrical conductivity 
must be reduced in the furnace; and 4) residual ore 
gangue which must be slagged off 

charged and melted in 
exactly the same way 4a crap steel. A 
hould be considered for each 


Sponge iron cannot be 
pecial 
charging technique 
ype of sponge iron, depending on its density, con 
ductivity, oxide and carbon content, and the nature 


of residual gangue material 


In 


iitable economic specifications for 


Arriving at 
taking several factors into con 


removal of the 


ponge iron require 
ideration. In reduction of iron ore 
first 85 pet or so of the oxygen proceeds rapidly 


but becomes progressively slower as complete re 


duction is approached. It is, therefore, necessary to 
trike an economic balance between production rate 
of the ulting 
cost of the 


residual oxide in the teel furnace 


ponge iron reduction furnace, the re: 
ponge iron, and the cost of removing the 
While 


been proc- 


ponge 
iron as low as 85 pet metallic iron ha 
electric teel furnaces, 90 pct is a more 
figure Such contains 


which can give a melt of about 


atistactory sponge iron 
residual oxides, 
0.30 pet carbon, if the 
carbon. The required carbon for a satisfactory melt- 
down is normally taken up by the 
the reduction process, but it may also be added by 
mixing with the This 
means that the desired melt-down carbon must be 
pecified and the required carbon in the sponge iron 
controlled with respect to remaining residual oxide 


ponge iron contains 0.70 pet 
ponge iron in 


ponge iron before charging 


A low-carbon ponge iron has a melting point of 
nearly 3000°F. If thi 
density, it will have low electrical conductivity and 
be difficult to melt. Such a the least 
desirable type for general purpose melting stock 
If it is not possible to introduce carbon during the 
reduction cycle, as is the case in hydrogen reduc 
hould be compressed to 


ponge iron also has low 


ponge iron} 


tion, then the 
higher density, or have carbon added, or both 


ponge iron 


Specification of an allowable residual gangue 


again a matter for economic balance 


content 1 
There is a choice between purchasing a high grade 
iron ore, giving low residual gangue content which 


A 20-tt diam Lectromelt furnace being tapped. (Courtesy 


Lectromelt Furnace Co, Div. McGraw Electric Co) 


will require little slagging in the electric furnace 
in buying a cheaper, lower grade ore, which will 
ilt in high lagging and maintenance cost 
Sponge iron as high as 13 pet SiO, has been used a 
melting stock in electric furnace o, the desirable 
ipper limit is not a technical decision, but rather a 
within reason 


matter of keeping maintenance cost 
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A satisfactory figure for ilica content in sponge 


iron is about 2 pet 


The upper limit in the ratio of sponge iron to total 


metaile charge is reached when return plant scrap 


is the only 


other metallic charge. In such a case, the 


metallic charge might be 70 pet 
Electric 


uch charges for many year The 


ponge iron and 30 
pet plant scrap furnaces in Sweden have 
been running on 
actual percentage 
It is relatively 


able ponge 


in @ given case depends on costs 


imple to compare the costs of avail- 


iron with 
difficult to 


yield, and 


purchased scrap, but it is 


the improvements in furnace pro- 


duction savings in plant processing cost 


Proper evaluation of sponge iron in any plant re 


quire that trial heats be made over a period of 
time, using techniques dictated by the character- 
isuies Of the particular sponge used and product 
made, Swedish steel makers have so well recog- 


nized the benefits of making high 
that they are willing 


than for 


ponge iron for 


quality steels in their furnace 


io pay more for sponge iron purchased 


Crap 
Hojalata y Lamina, 


ponge iron and uses it in thei 


A Mexican steel company 


produce electric 


furnaces to make rimming steel. Charges contain 


1) pel sponge iron, and production costs are lower 
than when an all-serap charge was used; produc- 
tion rate of the electric furnaces has increased 


about 5 pet and quality and uniformity have im- 


proved markedly 


There is little value in giving details of charge 
compositions in various electric furnaces using 
ponge tron, since practice varies considerably, de- 
pending on products, characteristics of the available 
ponge, and the relative prices of other types of 
melting stock. There are no serious difficulties in 
using up to 70 pet sponge of the analysis shown in 
Table |, if the proper techniques are used 


Costs of Sponge Iron-——There are three commer- 


cial methods for producing sponge iron for melting 


tock: the Wiberg-Soderfors proce the Tunnel 
Kiln or Hoganas process, and the Hojalata y Lamina 
natural gas proce Five Wiberg-Soderfors plants 


with a production of 
year. A modified 
Oxelosund, 


rating in Sweden 
120.000 tons of 
Hogana 


ure cope 
about ponge pet 
proce l in 


Tunnel 


operation at 


Sweden, and a Kiln process is going at 


Hojalata y Lamina in Mexico; together they have 
a capacity of about 60,000 tons a year. The Hojalata 
y Lamina natural gas process is producing some 


30,000 tons per year. In the U.S. there is also a 
kiln in operation at Riverton, N.J., making 


iron for iron powder production 


Hoy ana 
pone 

Production costs, ranging from $45 to $55 per ton 
depend largely on raw material, 
cost For a given grade of ore, 


difference 


of contained tron 
fuel, and power 
in costs of labor 
processe Capital 
to another, 
providing the lowest 


there are only minor 


and maintenance for the variou 
costs vary considerably from one proce 
with the Tunnel Kiln process 
investment 

A major in production costs is due to 
the cost of reducing gas. In all 
effected by a gas generated from coke, 
The Wilberg-Soderfors 
coke and electric power to generate 


difference 
ponge iron processes, 
reduction | 
coal, oil, or natural gas 
furnace utilize 
a mixture of hydrogen and carbon-monoxide. Power 
at about $0.01 per kwhr and coke at about $17 per 
ton are required to achieve a sponge cost within the 
$45 to $55 range. It should also be possible to operate 
the Wiberg-Soderfors process successfully by add- 
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ing natural gas to the present carburetors, or by 
produced from natural gas or oil. The 
and the 


ga 
Mexican process utilizes natural gas 
Tunnel Kiln process 

H-lron—H-Iron | 


characteristics can be controlled 


alone 
generates gas from coal or coke 
a type of sponge iron, whose 

within limits to 
uitability as a virgin melting stock for 


teel making. Hydro-Carbon Research Corp. has re- 


improve its 


released information on the H-Iron process 
has been operating 
low- 


cently 
they are developing. This proce 
on a produce a low-carbon, 
The product is 


compressing it 


pilot-seale to 


density, sponge iron made more 


uitable as a charging material by 


in rolls and breaking it into chips 


Cutaway drawing of a modern Héroult electric melting fur 
nace. (Courtesy American Bridge Div., U. S. Steel Corp.) 


This process represents the first time that the 
fluidized bed technique has been satisfactorily ap- 
pled to iron reduction. It has 
difficult to maintain a bed of fine ore in a fluidized 
condition at temperatures of 1800°F while being 
The partially reduced sponge iron tends 
to agglomerate and settle out of the bed, so that 
fluidizing soon stops. But the H-Iron proce has 
demonstrated that by operating in hydrogen at about 
900°F under high pressure, » bed of fine ore can be 
maintained in fluidized condition during reduction 
to slow down 
than 


proven extremely 


reduced 


The relatively low temperature tend 


reduction reactions, but this is more com- 
pensated by the accelerating effect obtained by the 
fluidized bed 

Cost of reducing gas is again the 
in the cost of H-Iron. Production costs per ton of 
contained iron will fall within the range of $45 to 


used for making the 


major variable 


$55, if the cost of natural ga 
reducing gas is lower than $0.50 per thousand cu ft 
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Desiliconized Pig Iron For the Electric 
Furnace—A Possibility 


Hot-charging of pig iron into the electric furnace is a 
subject of much interest. The advantages of desiliconizing 
the pig before charging, as here presented, make an important 


difference in costs. 


by S. L. Case 


A N investigation of the comparative economics of 
open-hearth and electric furnaces for produc- 
tion of low-carbon steel, published in 1953,’ showed 
that, in an integrated steel plant, the economics of 
the electric furnace as a steelmaking unit compared 
favorably with those of an open hearth It wa 
pointed out, however, that the problem of operating 
an electric furnace on a charge containing a high 
percentage of hot metal hasn't been solved as yet 
One of the important stumbling blocks in such an 
operation is the high silicon content of the charge, 
when the ratio of hot metal to scrap is 1 to 1, o1 
higher 

Fach pound of silicon added to the furnace charge 
produces over 2 |b of silica, which in turn require 
about 6 Ib of lime t 
characteristic If the SiO, content of the furnace 


about 15 


produce a slag of desirable 
lag at the final stage of refining average 
pet, the slag volume resulting from each 0.1 pct of 
Si in the 50-ton hot-metal charge will approximate 
1500 Ib. It is, thus, evident that, if the hot metal 
were desiliconized as a preliminary step to charging 
into the furnace, the amount of 
bath would be greatly reduced. A 

the desiliconization could reduce the 
of the hot metal by 0.7 pct, slag volume in a 100-ton 
reduced by about 10,500 Ib Also 
$200 lb of burned lime could be saved on each heat, 


slag carried by the 
an exampie, if 
ilicon content 


heat would be 


and ingot yield would be substantially increased 
from 12 to 20 pet FeO, de- 
Reduced 


volume of slag will also result in decreased con- 


because the slag carrie 


pending on the grade of steel being made 
umption of electrical energy 

A very informative paper on the economics of de- 
iliconization in electric-furnace steelmaking wa 
published by E. C. Wright in January, 1956.° Wright 
bases his calculations of material and heat balance 
on the premise that standard hot metal contain 
1.0 pet C and 1.0 pet Si, and that desiliconized o1 
2.0 pet C and 0.1 pet Si 
electrical energy requirements are con- 


calculation how that on a 50:50 


washed hot metal contain 
Insofar a 
cerned, Wright 
hot-metal charge, use of desiliconized iron will re- 
duce electrical energy about 63 pet 

456 kwhr per ton of liquid steel for standard hot- 
289 kwhr for a washed hot-metal 


requirements Dy 
metal charge v 
S. L. CASE is with the Battelle Memorial Institute, Columbus, 


Ohio. This paper to be presented at the Electric Furnace Steel 
Conterence, Chicago, December, 1956 


charge. With nearly all of the silicon and about half 
of the carbon in the metal being removed by the 
desiliconization treatment, it should be possible to 
operate the electric furnace on a higher ratio of hot 
Under such a practice, 
hould 
be even greater than for the 50:50 practice. For 
60:40 and 70:30 ratios of hot metal to scrap, Wright's 
requirements are 248 and 220 


metal to scrap in the charge 
the saving in electrical energy requirement 


calculated energy 
kwhr per ton of liquid 
a 70 pet efficiency 
Regardless of what process is employed, desilicon 
ization of hot metal for electric furnaces will prob 
ably be considered a must in the near future, when 
on a high hot-metal 


teel, respectively, assuming 


operation of electric furnace 
charge may be « x per ted to become common practice 
in integrated steel plant Costs of desiliconization 
are estimated to range from $1 to $2 per ton of hot 
metal. Thi 


avings in lme 


would be compensated many fold by 
electrical energy, electrodes, and 
increased furnace output. Wright’ estimates that on 
a charge of 60 pet washed hot metal and 40 pet 
crap, melting rate in a 100-ton electric furnace 
would approximate 40 tph, while on a conventional 
charge, the hourly output of a similar furnace would 
under optimum conditions, average only 24 ton 

cited above give a favorable outlook 
of hot metal in elec 


hould, however, be 


The figure 
for desiliconization treatment 
tric-furnace teelmaking It 
borne in mind that, up to the present time, there are 
no reported data on the use of as much as 70 pet hot 
Therefore, the 
ed are predictions and 


metal in the electric-furnace charge 
desiliconization effects discu 
extrapolations. There may be some operating com 
when electric furnaces are operated on a 


ilicon, but 


plication 
hot metal charge containing only 0.1 pet 
uch complications are not obvious at the present 
time. What is now known about the so-called du 
plex open hearth practice indicate that the ex 
proce doe 


tremely low slag volume of the duplex 


not lead to any dephosporization difficulties, except 
of ladle re pho phorization on high 
uch diffi 


cu’ es can be readily prevented by a high V-ratio 


In rare instance 


carbon, thoroughly deoxidized steel, but 


in the slag 
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High Alumina 
Ladle Linings 


by V. J. Howard 


in plant operation at Oklahoma Steel 
Castings Co. raised average metal tapping tem- 
peratures. A search for a ladle material more re- 
fractory than ganister was prompted by an increas- 
ing amount of surface slag defects and nonmetallic 
inclusions in the castings, as well as decreasing ladle 
life, It was necessary to find a material that would 
not erode the downspout and would hold the inspout 
to close tolerances in order to retain furnace and 
ladle slags. After numerous trials, an 80 pct alumina- 
18 pct silica material was selected 

Ganister had been used successfully for years at 
the previous temperature level, and alumina had 
not been employed, because it was felt that use of 
high alumina, with its 3350°F service limit, was not 
economical unless dealing with metal temperatures 
high enough to give deep vitrification 

Ladles at the plant are of the 4-ton teapot type, 
with 34%-in. downspout and 3-in. inspout. Sidewalls 
are rammed without brick backing to a 4-in. thick 
ne Heats poured through these ladles are 7700 
Ib. A change in the weight distribution in the plant 
resulted in 30 pet of production being poured through 
270 Ib monorail pots Thi along with increased 
production of shell molds, raised average tapping 
temperatures from 3019° to 3071°F, and many heats 
were required above 3100°F. Furthermore, low- 
carbon, high-alloy production increased from an 
occasional heat to about 5 pet of total production 

Sucee of the ladle linings depends a great deal 
on the method of application. Obtaining a dense 
ram with adequate penetration at the parting is 


V. J. HOWARD is Melting Foreman of Oklahoma Steel Castings 
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essential. High alumina should be rammed as dense 
as possible, using care to see that no voids are left 
in the rammed structure where metal might pene- 
trate. Also, some device should be used to rough up 
the rammed surface, so that the next layer knit 
better, helping to prevent lamination 

Fig. 1 shows a section taken from one of the early 
attempts at high alumina linings; the lamination of 
each layer stands out clearly. This example serves 
as a reminder of the importance of density and im 
pregnation of the joints. Fig. 2, a side view of the 
same section, shows how metal attacks the lam: 
nated area. It also indicates the depth of the heat 
affected area. In spite of this poor ram job, the 
ladle from which this sample was taken gave twice 
the life of an average ganister ladle, life being de- 
termined by the amount of erosion either in the 
pout or body. Wall thickness is measured with 
calipers, and a good margin of safety is maintained 

Air pressure at the rammer should be 95 to 100 Ib 
in order to give good ramming impact from the 
guns. Fig. 3 shows the alternate rammer used to 
penetrate, or key the surface after it has been tho: 
oughly rammed with a flat-headed No. 4 floor ram 
mer into a 2-in. layer. The tips employed are *-in 
rods, %4-in. long; they are used until they wea! 
down to % in. Fig. 4 is a section taken from the 
pout of a ladle rammed with this device 

Title Fig. is a ladle completely rammed, immedi- 
ately after the forms were removed. It shows the 
light-colored high alumina used in the retaining 
wall to decrease erosion while tapping from the 
furnace into the ladle. This ladle is air dried for 
18 hr before it is washed with a heat setting cement 
and torch dried for 24 hr Drying and preheating 
the material is important, because high alumina will 


g 
| 
4 
~ 5 3 


Fig. |\—Left—This is a sec 
tion taken from an early 
alumina ladle lining. The 
laminations serve to empha 
size the importance of 
density of impregnation 

Fig. 2—Right—This side 
view of the same area 
shows how metol attacks 
the laminated area of 
alumina linings 


form a high ceramic bond and a deeper vitrification 
zone, if elevated temperatures are attained before 
the metal comes in contact with the alumina lining 
After torch drying the entire ladle, the spout is fired 
mixture for 6 hr while torch 


Then the ladle 
preheated for 


with an air-natural ga 

drying continues in the ladle body 

is placed on the ladle wall where it 1 
As a further step to deepen the heat affected 

required that the first heat tapped into 

hall exceed 3150°F 


a cost comparison fot direct labor 


area, it 
the newly 
Table I show 
and material. The high alumina represents an in- 
poured. But 


rammed ladle 


crease of $0.033 per ton of metal 
it is felt that the variables not included in thest 
cost uch as material handling, equipment, ga 
and space and time needed for drying and preheat 
ing the extra ladle if ganister were used, would 
more than equalize the cost The high alumina spout 
poured two and a half times the amount of metal 
poured by the ganister spout. Furthermore, when 
lag weld and scrap enter into the economic picture 
the $0.033 per ton seems insignificant. Slag weld ha: 
there will far 


definitely decreased, and the saving 


exceed anything spent on refractori 
Summary 

When handling high temperature me tals, the ad- 
hrinkage, high 
and high temperature resist- 


vantages of high alumina are: low 
trength, high density, 
ance 

The disadvantages are: high refractoriness, if the 
are below 3000°F, and the prob- 
Prope! 


metal temperature 
lems encountered in ramming procedures 
ramming technique and fixing at high temperature 
before using the ladle are essential to bring thi 


material into optimum condition 


Table |. Economic Comparison of Ganister and High Alumina 
Refractory 


Ganister High Alumina 


Fig. 3—Alternate rammer used to penetrate ladle lining sur 
face after it has been thoroughly rammed 


Fig. 4—A section from the spout of a ladle rammed with the 
device shown above 
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Zircon Ladle Linings 


For Cleaner, Low Cost Metal 


by W. D. Emmett and V. E. Zang 


Mol! EN metal is in contact with ladle lining 
at a critical point in its handling. These lining 
can break down into a fluid 


the mold cavity——-thu 


ome of the lag may be 


lag and be carried into 
causing surface defects: or 
trapped in the metal as 
Therefore, the 


importance when 


initial cost 
slagging 
There are two major 


nonmetallic inclusion 

of a lining is of secondary 
of the ladle can be prevented 
causes of linings eroding to the extent that they be- 
come a liquid slag. First, the melting points of basic 
ladle linings are lowered by silica from furnace 


slag, and second, melting points of acid linings are 
lowered by iron oxide from furnace slag 

Linings composed of silica sands, quartzite, gan- 
nister, ete. have a high expansion at elevated tem- 
While the lining is plastic this expansion 
has little detrimental effect if enough bonding clays 
However, 
upon cooling to 447°F cristobalite reverse itself, 
and a sudden contraction of 2.8 pet volume change 
takes place. This 
hair line crack 
monolithic linings 

C. Wyman’ states that the more closely a solid 
mass can be approached, the greater is the efficiency 
A material of high 
refractory and low expansion values, not affected by 
hould be chosen. Then, by bal- 
size to attain high packing den- 
sity, and using no more binder than necessary, a 


can be approached. This 


peratures 


are incorporated to control expansion 


results in the formation of small 
which are usually encountered in 


that can be expected from a ladle 


iron oxide or silica 


ancing the particle 


solid erosion-resistant ma 
hould contain low fusion point materials o1 
which form low melting 
point eutectics. To this should be added a finely 
divided material, which | oluble in the melted 
bond, and which will raise the melting point when 


once dissolved 


binder’ 
a combination of material 


Maximum Density Necessary 

A combination of zirconite* sand and flour, so 
mixed as to obtain the maximum density possible, 
and bonded with a small amount of sodium silicate 
and fire clay, is an excellent monolithic lining. No 
attempt is made to give the proper sand-to-flour 
ratio, as it has been found that each shipment of 
sand and flour has a different particle size 

Care must be used in purchasing a zirconite sand, 
as there are two ways of processing it—one, oil 
flotation, and the other, electrostatic. The oil flotation 
method coats the sand with a thin film of oil. Al- 
though this sand is slightly less expensive, it can- 
not be successfully bonded, and a ladle lined with 
this sand will show poor results. A simple test fo 

* Zirconite is the registered trademark of the Titanium Alloy Mfg 
Div. National Lead Co 

W. D. EMMETT and V. E. ZANG are General Superintendent, 
Los Angeles Casting Co. and Vice President, Research, Unitcast 
Corp., respectively. This paper is to be presented at the Electric 
Furnace Stee! Conference, Chicago, December, 1956 
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Slag build-up on the lining of a 600 Ib ladle after 80 heats 


oil flotation sand is to spread the sand on the surface 
of distilled water—if some sand floats, it was proc- 
essed by oil flotation; if electrostatic proce wa 
used, the sand will immediately drop to the bottom 

The inner shell of a ladle is lined with '% in 
asbestos paper to prevent heat transfer to the sides 
and bottom. Zirconite has a higher heat transfer 
rate than either silica or clay, and if asbestos o1 
ome other material is not used as an insu'‘ation, the 
hell soon becomes uncomfortably warm 

The mixture 
form for both small and large ladles, and compaction 
should be done evenly so that no soft spots are left 
in the lining. The mix, being very fluid, requires 
little ramming to pack to its greatest density. Care 
must be taken not to over-ram, and not more than 
2 in. should be rammed at one time, scoring between 
each ram. After the form is drawn, the ladle should 
be swabbed with a 30 Bé sodium silicate wash 


should be rammed around a steel 


Firing Procedure 

After washing, the ladle should be fired immedi- 
ately in an upright position, as this material has 
small green strength. The initial firing should be at 
a low heat for 48 hr, and final firing should be for 72 
hr at the highest possible temperature. This may 
seem to be a considerable length of time for firing, 
but it must be remembered that this mix is dense 


Table |. Cost Comparison of Brick and Zirconite 


Cost of materials and labor used in lining a 7-tor 


Brick lining 
nite lining $502 
of two linings 


$108 44 


42 heats 
600 heat 


$0 40 per ton 
$0.12 per tor 


iy 
onl 
: 4 
ile 
Ave 
Br » 
Zirconite lining 
Cost of lining per ton 
Zirconite lit 
Zirconite lining ‘ 


and under-firing will cause either metal trouble or in a red condition to prevent small hairline cracks 
loss of ladle life from appearing in the lining of the ladle. Erosion 
Small ladles—-300 to 1000 lb capacity—-have been will start at these points with resultant shortening 
used for 80 heats and large ladles—12,000 to 16,000 of ladle life. Furnace hould be tapped so that the 
lb capacity—have been in use for over 600 heats stream does not impinge against the side wall of the 
One teapot spout rammed with this mix was used iadie; otherwise the impact of the metal will wear 
for 1300 heats before being renewed. A teapot ladle a groove in the side of the ladle 
must be fired in both the pouring spout and the Thirteen-ton, bottom pour ladles were rammed 
bow! to prevent oxidation of the neck between spout with this mix, and the results were disappointing 
and bow] Metal! tapped into a bottom pou! ladle is usually 
This mix will withstand little impact in a cold much colder than that which is tapped into a teapot 
condition. Therefore, ladles must be cleaned of slag or system ladle, with the result that after pouring, a 
skull forms on the bottom and on the sidewall ad- 
jacent to the bottom. So far, no way has been found 
to remove this skull without impact when the ladle 
is in a cold condition, and continued impact causes 
the lining to shatter. Oxygen has been used to re- 
move the skull, but the reaction between the oxygen 
‘tream and the zirconite lining is very high and 
results in channels being cut in the sidewalls and 
bottom 


Conclusions 
The zirconite lining has both good and bad fea 
tures. On the bad side, 1) ladles are not easily kept 
clean of adhering slag; and 2) the mix sets up very 
x} hard, causing a greater length of time to knock out 
.. Zirconite is credited with these feature: 1) 
a Sg longer ladle life; 2) considerable savings in cost of 
lining per ton of metal poured; and 3) cleaner metal 


A magnified cross-section of a monolithic ladle lining made References 
from the zirconite sand-flour mixture. Note the high com H. Wymat ' oun Sor vol. 59 
paction Mag 27x E. Zang and G. J iro 1955, No 


. In Basic Electric Furnace Practice 


by W. A. Koppi 


IRCON may show a difference in behavior when Zang and Grott mall additions of fireclay and 

used as a refractory for handling hot metal made waterglass make a bond that is quite serviceable 
by the acid and basic processes. Investigations by Zircon is the product of a peritectic reaction; con 
Zang and Grott’ of Uniteast, Blosjo of Minneapolis sequently, it remains quite stable until it reaches a 
Electric Steel, and others, have shown that zircon temperature around 3200 F. Then it commences to 
performs quite satisfactorily when handling acid dissociate into solid zirconium oxide and a liquid 
steel. Ladle campaigns with zircon linings have olution, which is primarily silica with a small 
been reported in the order of hundreds of heats for amount of dissolved zirconia. In view of this disso- 
acid steel, but experience in the production of basic ciation, with respect to the ceramic bond, it would 
teel at Lebanon Steel Foundry has not measured up eem that the use of zircon at temperatures above 
to this performance. While basic ladle life is found 
to be lower, it is only a reflection of unit refractory 
cost, and not a full appraisal of the value of zircon Table |. Component Materials of Zircon Mix 


The Material Material Pet Lb per Batch 
Zircon, the zirconium silicate—ZrSiO,—has long 

been recognized as a highly refractory material P ween Sant 80.00 

However, its development as a monolithic refractory ree 

for practical use in handling hot metal has pro- Waterglass 1 40 

gressed slowly, the problem being to find a suitable “s on 

binder to resist chemical attack at relatively high 

temperatures. As was found in the investigation by 


W. A. KOPP! is Superintendent of Melting Operations, Lebanon wt) 
Stee! Foundry, Lebanon, Po. This paper is to be presented at the , ; lite are Woodland high-duty sluminous firecla 
Electric Furnace Stee! Conference, Chicago, December, 1956 ; 
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°F tionable, especially if time at tem- 
perature 
Chemically, zircon | 
transition temperature it appears quite 
lags of low ba 
with a low coefficient of 
uggests that zircon may have some 
merit as a monolithic lining handling 


tee] at temperatures below 3200°F 


que 
of any duration 

acidic. However, below its 
stable when 
This harac 


expansion 


in contact with icity 


teristic, along 
and contraction 
material for 


ba 


Hot Metal Handling 

At Lebanon 
are two Swindell are hells 86-ft 
in diam and producing nominal heat weights of 8500 
Ib in plain carbon, and low and high alloy steels, by 
Approximately 70 pet 
the balance are 


carbon shop there 


having 


Foundry’ 


furnace 


Stee] 


lag proce 


shanked, 


ingle 
heat 


the bask 


of these while 


bottom poured 


| 
} 


+ 


fireclay brick; 
area of 


Refractory structure of teapot bull ladle: A 
B.chrome plastic; C—zircon, and D—critical 


greatest wear 


Shank heats are normally tapped at temperatures 
of 3100° to 3200°F into bull ladles of teapot design, 
having a capacity of 9000 lb. Immediately after tap, 
portion of the basic slag, which has a 


the greater 
removed by pouring off over 


ba icity of 2.0 2.8. 1 
the slag-off lip. Slag remaining in the ladle is di 
luted with dry reclaimed foundry sand to lower 
basicity to about 1.0, thus minimizing chemical at 
tack on the zircon lining. A cover is then mounted 
on the bull ladle which | ubsequently conveyed 
about 300 ft to a pouring station, where it Is trans- 
ferred to a stationary jib hoist. Hot metal is poured 
from the bull ladle into 1000 lb shank ladles, which 


also are of teapot design 


Bull Ladle Refractories 

The bull ladles have a monolithic lining of zircon, 
which is backed up with fireclay splits and capped 
with a plastic chrome mix. The zircon used is 
a modification of that developed by 
Grott; it is made-up of the 
Table I. The plastic chrome mix, on the other hand, 
is a commercial which, when tempered 
with water, makes a workable plastic that 


sets up hard upon drying 


mix 
Zang 


shown on 


and 


material 


product, 
readily 


Performance 

The average lining life for this 
50 heats. Campaign 
the result of: 1) 
weakness 


type of lining is 
with less than 


approximately 
low ramming 


50 heats are usually 
density; 2) interfacial 
adjacent layers join together 
after it ha 


planes of 


lining immediately been installed: 4) 
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where 
3) neglect in firing the 


prolonged interruption during the ramming proce 
mix at the 
retard the 


or 5) contamination of the mullet 


4efore covers were installed to 
heat during the pouring cycle, adherence of 
the sidewall posed a problem. Slag would 
mushy difficult to drain at the completion of 
the pour. This feature is undesirable, a 
is difficult to remove once it solidifies, and 
becomes a source of contamination for 


It also te nds 


loss of 
lag to 
become 
and 
the slag 


conse 


juently, it 
ubsequent heat 
areas in the lining, thereby making 
difficult to evaluate satisfactorily 
The degree of chemical attack by 
Lining thickness 
evere erosion show 
But slags of higher 
attack on the 


evere erosion 


to obscure defective 


lining condition 


lags with re- 
in the 

little 
basici- 


idewall 


duced basicity is negligible 


areas not subjected to 
change in wall thicknes 
ties have resulted in greater 
especially in the areas of 

While all shank heats are tapped near the transi- 
there is an immediate 
150°F. Thi 
the thermal 


tion temperature of zircon 
temperature drop of approximately 
drop in temperature at tap minimize 
breakdown of zircon. This is borne out by the neg- 
ligible change in lining thickness at the end of the 


campaign 


Maintenance 


Little the 


pout 


maintenance is required throughout 
lining campaign. In some instances, a new 

section leading from the bow! of the ladle may be 
installed, if there is evidence of excessive wear dur- 
ing the early stages of the Basic slag 
from the tap may hang up around the top of the 
ladle, but this is readily removed by allowing the 


lag to hydrate upon cooling 


campaign 


Economics 
Total 

is about 

labor 


teapot bull ladl 
handled Thi in- 
intermittent 
were the 
approximately 


refractory cost to line a 
$0.85 per ton of steel 
cost for installation 
When silica lining 
ton of steel wa 


cludes and 
maintenance used 
cost to handle a 


$0.45 


Conclusion 


Although the 
through proper control it ha 
when 


zircon refractory may be acid in 


nature hown a sat 


isfactory level of performance used in basic 
steel making. While this performance level in the 
Lebanon Steel Foundry shop is only 50 heats per 
lining, it is believed that this could be substantially 
increased, if the bull ladles could be properly placed 
in the pits to Superior refrac- 
toriness and negligible expansion of 
zircon place it above many available 
These same properties also mak« 
refractori 


erosion 
coefficient of 


minimize 


ma- 
it a strong 


terial 
which, for 


competitor to many 
features, have 
appeal! prohibitive 


basic 
limited applications. It 
but its true value 


certain cost 


at first, 
only be 


may 
can ascertained by a measure of casting 
quality 

Since converting from a 
ent zircon lining, Lebanon Steel Foundry ha 
-all improvement in casting quality in the 
inclu Zircon 
metal 


with 


to the 


ilica lining pres- 


notice d 


an ove! 
carbon shop, Le. les 
may not be the complete answer to the 
handling problem, but it has yielded hot 
less slag formation from ladle lining 


hot 
metal 


exogenou 


Reference 
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The Cyclical Movement of Steel Scrap Prices 


Since 1948, a continuous study of the price of scrap steel 
[lAS has been carried on at the Institute for Trend Research 


Se (ITR) under the sponsorship of Lukens Steel Co. 


The present informal report on cycles in the price of steel 

scrap shows what can be learned when fluctuations in price 

Based on an Article are studied somewhat as the background of an engineering 
by Chapin Hoskins problem is studied. 


N the ITR studies of steel scrap behavior, Ameri higher than a year earlier; and at its end the price 
: can Metal Market monthly and Iron Age weekly is again lower than a year before the end 
prices from 1901 to the present time have been used Between 1900 and 1954 there were 17 such cycles 
Statements in this report are based on monthly In the majority of these the price rose 45 pct or 
prices of Number One Heavy Melting at Pittsburgh more in one year; in a third of them more than 65 
In the first quarter of the present century, Pitts- pet. In the declining phases of the 17 cycles, the price 
burgh Number One Heavy Melting once sold at has, in a majority of cases, fallen 31 pet or more In 
around $10 a ton and once at nearly $41; in the one year; see Fig. | . 
second quarter century, its extremes were $8 and Clearly, the extent of these rises and declines and 
$46: during 1956 it has reached $58. Thus, we can their importance to users and providers of scrap 
begin with a statement that the price of scrap rises make this a cycle of great importance to those with 
and falls over periods of time and then proceed to operating or executive responsibilities. This is why 
the very simplest definition of a cycle in scrap price, it has been dubbed The Operating Cycle 
namely: a cycle is a rise followed by a decline. More Measuring and Observing the Cycle: An effective 
precisely stated, a scrap price cycle is a wave in way to measure cyclical price change is to compute 
. which monetary value is a vertical dimension and a continuous record of its rate of change. This means 
time is the horizontal dimension. For convenience dividing the amount of change-—the vertical wave 
the cycle can be measured from low point to low component—by a unit of time—the horizontal wave 
point, although other points of measure are possible component. Thus, it is possible to calculate change 
The structure of waves in steel scrap price is such per year, per decade, per month, per week, or pet 
that waves of one approximate dimension are most any other chosen span of time 
obvious, but these are really riding on the backs of Rate of change per 12 months is a particularly 
till larger waves, and their own surfaces are useful measure for the identification of cycles of two 
ruffled by smaller waves to four years. One reason is that this measure nulli- 
Minor Waves: Among the rippling waves in scrap __ fies the effect of price changes that may be purely ; 
price, one type is seasonal in nature; in general, thi seasonal . 
is a semiannual movement. Usually it can be ob- Engineers will recognize this simple calculation as 
erved only at times when the force of larger cyclical a first derivative. In constructing a 12-month rate 
movement is slight. But there are also other minor of change series for Pittsburgh scrap, the price at 
waves of a nonseasonal nature January, 1902 was divided by the price at January, 
Major Waves: The greatest discernible wave in 1901, the February, 1902 price by the February, 1901 
scrap price is delineated by a decline of 54 pct be- price, and so on, The resulting percentage in each 
tween 1902 and 1914, a rise of 303 pct from then to case is, in our language, a 1/1é pressure 
1917, a decline of 80 pct into 1932, and a rise of 604 In Fig. 2 is shown a sample operating cycle, with 
pet since then. This wave is clearly associated with the actual price variation in the top portion and the 
the coming and going of war and peace cycle in terms of 1/12 pressure at the bottom 
During its progre the rate of change cycle, 
. own in Fig. 2, passed through four phase , 
The Operating Cycle hown in Fig. 2, | é i : 
In between the major waves and the minor waves 
in both horizontal and vertical dimensions is a class Length 
of wave in crap price which we can conveniently Phase Position of Price Rate of Change sonthe 
7 call The Operating Cycle. A wave of this character 
” tends to last approximately two, three, or four years, A Below previous yeas Rising 0 af 
» but in time of war, it may last longer than four year 
A simple characteristic of this cycle is that at its D Below previous year Declining 1 
beginning, the price of scrap has always been lower Total p 
than it was a year earlier; at its crest the price is j 


CHAPIN HOSKINS is Choirmon of the Trustees of the Institute This can be considered a specimen cycle, but 
tor Trend Research, Hopkinton, NH. This paper is to be presented although no two cycles are exactly alike, these gen 
at the Electric Furnace Steel Conference, Chicago, December 1956 eral statements can be made 
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84 MONTHS 


Fig. 1—Between 1900 and 1954 there were 17 Operating Cycles, each lasting from 2 to 4 years. Shown is a |2-month rate of 
change series for Number One Heavy Melting scrap at Pittsburgh 


1) For more than 50 years, except during the the median-average length of Phase C was I1' 
period of wartime price ceilings, scrap price has months; in the four cycles rising next highest, the 
experienced a succession of such cycles; median-average length of C was 8% month the 

2) All 17 recorded cycles have passed through cycles which ranked 10 to 13 in amplitude had Phase 
all of the ABCD phases C's with a median-average of 74% months; and in 

3) In peacetime, no cycle has been more than the four cycle of least amplitude the median- 
46 months long. This means that no period of four average of Phase C was only 14% months. Conformity 
years has gone by without scrap passing at least is sufficient to justify a general statement of tend- 
onee through all four ABCD phases; and ency: The higher the pressure rise in Phase B, the 

4) No cycle has lasted less than 20 months (vir- greater the length of Phase C 
tually two years) Thus, it will be seen that the influence of Phase D 
extends at least to the end of the next Phase C. Thi 
it will be remembered, is the point at which the 


Dynamics of Cyclical Change 

In all 17 of the scrap cycles, Phase A has been 
followed by Phase B. This seems to mean that, once 
the rate of change has begun to rise, after a Phase 
lL), forces have been set in motion which will, within 
a number of months, drive the price higher than it 
was a year earlier. Phase B has always been fol- 
lowed by Phase C, and Phase C by Phase D 

Dynamic Details: From its beginning to its end, 
each cycle in serap price appears to be subject to 
dynamic laws just as definite as a wave motion in a 
physical body 

The length of Phase A depends greatly on how 


long the rate of change has remained in Phase D 
rhe relation is so close that, if in 16 cases the length But what about economic cond:'io. +. the supply of 


of Phase D is taken and a constant of 3 months sub and demand for scrap, and so on’ Se els these are 

the primary factors in the rise and iall of serap 

month and a maximum error of 2 months is made prices. 

in calculating the length of Phase A Two statements are suggested for consideration 
Furthermore, the amplitude—-depth—of Phase D 1) The influences of supply and demand nor- 


appears to influence the amplitude—height—-of Phase mally operate within limit et by price dynamics 
These influences tend to modify dynamic trends, but 


price again falls below that of a year earlier. And 


ince in the majority of cycles the end of Phase ¢ 
has occurred more than two years after the begin 
ning of the cycle, it will be seen that conditions at 
the start of the cycle are likely to show their mark 
for at least that length of time 

These examples of scrap steel price dynamics 
suggest the existence of what might be Tonsidered 
potential energy at the bottom and the top of each 
cycle. Actually, the situation at every step in the 
cycle appears to have a bearing on the timing and 
amplitude of future change 


tracted, then in nine cases a median error of | 


B. Therefore, Phase D has an important bearing on 

what happens during the next 12 months or more, only under very 

because the crest of Phase B is rarely reached in pletely alter them; and 

le than 12 months after the end of Phase D 2) The supply situation and the demand situa- 
Actually, the influence of Phase D extends farther tion at any given time are themselves largely the 

than 12 months. Out of the 17 recorded case in results of dynamic situations and previous dynam 

the four cycles which had the highest amplitude, change 


unusual conditions can they com- 
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Are Scrap Cycles Periodic? 

There is considerable evidence that the rate of 
change cycles in steel scrap price tend to be periodic 
The periodicity is not simple but compounded of 
periods of different length. This can be clearly ob- 
served on an ITR Time Chart,’ but can be only 
broadly described here 

Two of the most serious 1/12 pressure declines in 
crap price ended in December, 1903 and in April, 
1938. These points of time were 412 months apart 

Two of the most violent rises ended in December, 
1904 and October, 1939. These were 418 months 
apart 

Two other violent pressure rises ended in October, 
1912 and August, 1947. These were also 418 months 
apart 

The low following the Armistice of World War I 
was 420 months before the low following the Ko- 
rean Armistice 

All of these intervals, it will be seen, are not far 
from 416 months, and very nearly all of the 136 
imple and compound intervals between the be- 
ginnings and ends of 16 cycles could be harmonic- 
ally related to an interval of approximately 416 
months. Traces of other periodic tendencies appeal 
in the time charts, but the 416 month 
tendency seems by far the most important 


harmon 


The interesting way in which these harmonics ap 
pear to combine can be simply illustrated by a 
synopsis of what has happened in each 17 1/3 years 
of the record (17 1/3 years, 208 months, or half of 
416 months) 


\ 

$12 2° cw 


SCRAP PRICE 


AN 


NE YEAR RAT HANK 


PRE 
‘2 


Fig. 2—A sample Operating Cycle, with actual price varia 
tion shown above and the cycle in terms of 1/12 pressure below 


The first complete 1/12 cycle began in December 
1903. In December 1910, 84 months later, three 
cycles had been completed, with an average length 
of 28 month In the next 128 months, to August 
1921, three more cycles had been completed, this 
time with an average length of 42 2/3 months. The 
total period of these six cycles was 212 months 

After August 1921 three cycles occurred in 75 
month The end of these cycles averaging 25 
was in November 1927, 203 months after 
the end of the three previous short cycles 


month 


Following 1927, three more cycles ended in April 
1938. These occupied 125 months, averaged 41 2/3 
months, and were completed 200 months after the 
three previous long cycles 

In summary, the 412 months following December 
1903 contained three cycles averaging 28 months, 
then three averaging 42 2/3, next three averaging 
25 months, and finally three of 41 2/3 average 
Twenty six months, it will be noted, is one-eighth 
and 41 2/3 is one fifth of 208 months. The period of 
84 months 1 
41 2/3 months 

In the 208 months since 1938, this pattern was 
interrupted by World War II and by ceiling prices 
after the peak of the first cycle. It appeared to re- 
ume at the end of the war and was again inter 
rupted by the Korean conflict, ceilings, and armis- 


also approximately two periods of 


tice 


Scrap Price Cycles and Others 

It would scarcely be supposed that scrap price 
cycles are an isolated phenomenon; they are not 
Rate of change cycles occur in business activity and 
in the price of practically every unadministered 
commodity 

The Institute for Trend Research maintains a 
cyclical barometer which is a measure of the cen- 
tral tendency of rate of change in 15 different vol- 
ume and dollar measurement series. In 5 out of 11 
comparable cycles, the pressure rise in scrap steel 
has started at the same time as or one month soonet 
or later than a rise in the barometer. The relation 
at the cyclical high is not as close 

In a majority of 13 comparable cycles, the upturn 
in serap price (1/12 Phase A) began from 7 months 
earlier to one month later than that of steel opera 
tion 

In minor cycles measured in weeks, cycles in 
teel scrap price usually correspond to cycles in the 


average price of metal 


Summary 

1) For over 50 years scrap steel price has risen 
and fallen cyclically 

2) Its cyclical movement is compound of cycles 
which can be measured in years, others which are 
best measured in months, and some which must be 
measured in week 

4) Cycles can be effectively measured in term 
of rate of change 

4) There appear to be definite laws governing 
cyclical change 

)) There is evidence of periodic tendencies in 
rate-of-change cycle 

6) Cycles in serap price are related to cycles in 


other prices and in activity 
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A New Approach to Hot Tearing 


shows that the hot tearing tendency exists in a narrow tem- 
perature range and is primarily effected by the heterogeneous 


freezing point of the metal. 


H OT tearing is only one of several physical de- 
fects originating from stresses during solidi 
fication and cooling. Piping, flow line shrinkage 


cold crack and blow-ups are all similarly caused 


defects, and the physical nature of the metal at the 
time of stre rupture determines the nature of the 
defect, Hot tearing, therefore, is a natural phenom- 
ena in all steels under similar time-temperature 
condition If, then, certain ranges of temperature 


produce different types of defects, it is important 
to know these temperature 

defects are defined as follows 

occurs when an ingot or casting 1 


The variou 
a) Piping 
highly stressed, but when the 
to flow. The pipe, due to insufficient liquid metal, 
can be eliminated by further supply of liquid metal 


liquid metal is abl 


from a hot top 

b) Flow Lines 
ent, but in lower temperature area 
forcing liquid metal to flow through 


occur when lquid metal is pre 
caused by con- 
traction stresse 
a partially frozen mass 
Shrinkage 
mall pockets of liquid metal 


occurs when contraction stresses 


act upon which are 


trapped and unable to flow 


C.F. CHRISTOPHER is Research Director, Blaw- Knox Co, Con 
tinental Foundry & Machine Div, East Chicago, Ind Paper is to be 


presented at Electric Furnace Steel Conference, Chicago, December 
1956 
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Based on a Paper by C. F. Christopher 


Fig. 1—-Results of several hun 
dred Charpy impact tests at 
temperatures from 1100° to 
2700°F. Values falling within 
the cross-hatched areas were 
taken from eight heats of 0.30 
pct C, but with varying amounts 
of Mn, Cr, Ni, and Mo. Insert, 
above 1600°C, shows steel just 
above austenitic transforma 
tion temperature; steel at its 
toughest point. Insert above 
2600° shows the result of heat 
ing into the temperature range 
where grain boundary melting 
begins to occur; fracture is 
crystalline and brittle 


when contraction stresse 
liquid 


occurs 


d) Hot Tearing 
which still contain 
austenitic grain 


act upon steel, metal 

present around the dendrites or 

boundaries 
e) Cracks cold crack 


transformation tem- 


commonly referred to a 
occur below the austenitic 
perature 

With exception of cold cracks, these defect 
at temperatures where some liquid metal | till 
present. All steels are resistant to failure 
the temperature where the last metal freezes, and 
from austenite 


occul 
between 


the temperature where it transform 
to ferrite and pearlite 


Testing Procedure 

In order to define the temperature region where 
steel is susceptible to hot tearing, the author made 
use of the 
examination. These demonstrated the temperatures 
where there was liquid metal in the grain bound- 
the brittle region 

Charpy bars heated in a 
inserted in a carbon rod resistance furnace 
3000°F and an 
Temperature wa 
San ple 
furnace 


impact tests and 


microscoptl 


Charpy 


aries, 
were quartzite tubs 
with a 


maximum temperature of argon 
atmosphere to prevent oxidation 
controlled by thermocouples to +10 were 
broken within 3 sec after removal from the 
by ejecting the samples from their tubes into the 


Charpy impact machine 


] 
| 
| 
é 
’ ro oo 2500 270 
TEMPERPATVBE -F 
qs, 
~ 


Structural and inclusion studies required instant 
quenching to retain, as closely as possible, condi- 
tions prevailing at the temperatures in question. For 
this purpose, thin dises and drilling 
refractory boats and inserted into the argon atmo 
After desired temperature 
samples were quenched in ice 


were placed in 


phere tube for heating 
was attained, these 
brine 


Charpy Tests Show Abrupt Brittleness-Ductility Change 
In Fig. 1 curves are shown representing several! 
hundred Charpy tests at temperatures from 1100 
to 2700°F. These test 
under accurate control and argon atmospher¢ 
It can be seen that there is a marked change in 
temperature 


were broken at temperature 


toughne with steels tested at variou 
levels. At 1100°F, all tests were brittle and weak 
In the 1300° to 1500°F range 
to the transformation temperature—they 


austenitic and close 
became 
extremely tough and resistant to notch sensitivity 
After the steels became austenitic—-above the 1300 
to 1500°F range—they were completely resistant to 
rupture at increasing temperatures until liquid ap 
Within 


this range of testing temperatures it can be seen 


peared at the austenitic grain boundari 


that the values gradually decreased, due to soften 
ing of austenite with increasing temperature 
Every steel goes through an abrupt change from 
ductility to extreme brittlene at some 
high temperature point. Since the last 
highest in carbon and is located around the 


extreme 
metal to 
freeze | 
grain boundaries, this temperature point depend 
upon the melting point of the highest carbon metal 
and is greatly affected by the original carbon con- 
tent of the steel 

A tremendous amount of high temperature impact 
testing ha been done on a wide range of carbon 
teels, both acid and basic, and with various add) 
tions such as rare earths. The predominant factor 
in this sudden physical property change is carbon 
content of the metal, but nucleator uch as alu 


minum, are certain to have minor effect 


Solidification Defects Occur Before Lower Limit of 
Brittleness Band is Reached 

Fig. 2 is a summary of impact test results supe 
imposed upon a constitutional diagram. This dia 
gram is not intended to be correct for any individual 
teel tested but 1 


extent of embrittlement in steels of variou 


shown here to demonstrate the 
carbon 
content 

There is a definite band of embrittlement which 
is unavoidably produced by the freezing phenomena 
The lower limit of this band is the true solidus, and 
it has little to do with composition elements other 
than carbon. The width of this band increas with 
increasing carbon 

There is little doubt that all mechanical solidifica 
tion defects occur before the steel has cooled to the 
lower limit of this brittlens before the 
teel is completely frozen. During the entire cool 
ing evcle of a 0.30 pet C steel casting, all defect 


band 


with the exception of cold cracks, are formed before 


the steel cools to approximately 2530°F. It is im 


portant to know this simple fact, because it erase 
a lot of mysterious and false idea 


location of hot tearing, and it may lead to a soundet 


concerning the 


approach 


Difficulty Lies with Uneven Cooling 
The problem in eliminating hot tear: 


ineven cooling of casting ingot 


than the 
than the 


does one end of the casting cool faster 
other, but also the 
However, knowledge that hot tearing sus- 
a natural phenomena, following definite 
temperature limits, doe implify the problem by 
diverting thinking from steel quality to one of simple 
usceptibility can not be eliminated 


urface cools faster 
center 
ceptibilits 


mechanic If 
then means must be found in dissipating, equalizing, 


or minimizing excessive differential cooling stresses 


Applications to Practice 

There is no question that better castings could be 
made at lower cost and at greater rate of produc 
tion, if designer and producer would cooperate fully 
It is not unreasonable to discuss certain change 
with the customer regarding the increase in size of 
adding permanent fillets to 
certain permanent pad- 


certain thin sections 


eliminate sharp corners, 


dings, etc 


Fig. 2—Charpy impact test results for both acid and basic 
steels, superimposed on a constitutional diagram 

In planning any casting, regardless of its degree 
of susceptibility to hot tearing, the first considera 
tion must be for In thi 
tion of the heads, their number and size, and other 
Furthermore, the 


oundne manner the loca 


consideration are determined 


overall design and shape is studied in order to posi 
tion the casting in the mold for natural directional 
olidification 

After adequate feeding, stre 


tion by proper gating, chilling, and heading arrange 


relief and distribu 


ment are most important. It must be decided whethe 
to eliminate a tendency to crack in a certain loca 


tion by chilling that area, or by removing the stress 


condition somewhere 
The ultimate in planning | 


head pate and chills in such a manner as to 


the arrangement of 


allow the casting to be fed properly, and at the same 
time produce maximum temperature distribution 
until the entire below the hot-tear range 
Chilling may help by 


the hot-tear range early in the cooling 


piece 


pulling certain area below 


Lower Pouring Temperatures Lessen Incidence of 


Hot Tearing 
While the author believes that the carbon level 
there is a 


alorie controls the hot tear susceptibility 


vreat difference between susceptibility and incidence 
of hot tearing. A high chrome teel and a high 
manganese steel of the same carbon content have 
the sare hot-tear susceptibility, but their incidence 


hot tear! far different T he term 


ib 


uscepti 
to the temperature range in which tear 
but incidence takes into account the 
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tume at which stress is applied. If steel is stressed 
usceptibility range, it will tear In- 
the major problem 


within the 
cidence, then, is 

Chemical composition, other than carbon, has a 
great deal to do with fluidity, setting, and feeding 
Highly fluid compositions can be 
poured at lower temperatures, allowing critical areas 
of a casting to drop below the hot-tear range before 
However, less fluid composi- 
tions must be poured hotter, and their quicker set- 
tresses to occur at higher 


characteristic 


major stresses appear 


ting characteristics cause 
Although there is no pouring tem- 
condition in 


temperature 
perature which will cure a bad stress 
intricate castings, a low pouring temperature make 
it easier to counteract the effect of stresses. For a 
given casting, incidence of hot tearing decreases with 
decreasing pouring temperature 

It has been proven that tearing occurs within a 
very short time after the steel enters the mold; in 
fact many tears occur before pouring is completed 
Stresses produced during the initial part of skin 
freezing are quite large, and the steel subjected to 
these stresses is quite weak. It is, therefore, im- 
possible to produce a sand that would readily yield 
in preference to the steel at this early period and 
still have tenacity to produce clean casting: 

Collapsibility does not enter the picture in many 
cases. Castings that have parts and members which 
are not free to move may tear, because every mem- 
ber is tied to and pulls against another. This type 
of casting cann ‘ greatly be improved through sand 
or core conditions. It must be headed, gated, and 
chilled for even temperature distribution, and poured 
at a temperature which allows all critical areas to 
drop below the hot tear range quickly and evenly 


Gating, Heading, and Chilling Methods Important in 
Preventing Hot Tearing 

A gate is a means of filling a mold with liquid 
teel, and it can cause hot tearing if not done cor- 
Gating is the major means of offsetting the 


rectly 
ill effects of the temperature differential of heavy 
ections and heads. If hot tearing is ever eliminated 


2625°F 


2675°F 


gating technique will play the most important role 

A head is a receptacle for feeding castings, and it 
too may be harmful as well as beneficial to hot 
tearing. Generally speaking, heading increases the 
susceptibility to hot tear, because it produces hot 
pots, and heads are usually placed over the heavie1 
sections of a casting, thereby increasing the tem- 
Head hould be held to a 
minimum size, with more small heads being used 
in preference to a few heads of large volume 

A chill is a means of strengthening certain area 

a casting and accentuating directional freezing 
This, like heading and gating, must be used with 
care. Discriminate use of chills gives temperature 
control often impossible through heading and gating 
alone. Generally, chills should be 
bring about directional solidification and lower the 
concentration 


perature differential 


placed so as to 


temperature in areas of high stress 


Key to Hot Tear Problem is: 

Full Knowledge of Physcial Properties of Steel at 
High Temperatures, and Adjustment of Heading, Gat 
ing, and Chilling, and Metal Temperatures to Suit 
these Physical Properties. 

Temperature differential is necessary to feed cast- 
ings directionally, but no casting can be over-stressed 
during this period of feeding until all sections of the 
casting have reached temperatures approximately 
100° under the freezing point 

The key to hot tearing can best be exemplified by 
the casting of steel rolls. Such rolls, being massive 
require accelerated cooling over their entire body 
and are thus made by directional solidification. Every 
section is cooled, but some sections of the urface 
require accelerated cooling, which produces an over- 
freezing and a_ time-temperature 
concentrating area 


all directional 
cooling at stress 

This directional temperature condition is brought 
about with chills, the size and volume of which may 
be tremendous in the case of steel rolls. For instance 
a 30-ton roll may require approximately 20 tons of 
chills to bring about solidity. The chills must be 
placed so that stress concentrations are not de- 


2700°F 2750°F 


Fig. 3-—High-chrome acid steel, 0.29 pct C, reheated to the temperatures indicated, held 20 min, and quenched into ice brine 


Nital etch, 50X 


1656-JOURNAL OF METALS, DECEMBER 1956 


ifs 2400°F 2500°F 2550°F 2575°F 2600°F : 
ger 
| 
| 


2600° F 


Fig. 4—High chrome acid steel, 0.29 pct C. Original structure heated to 2850°F, cooled to temperatures indicated, held 10 


min, and quenched into ice brine. Nital etch, 50X 

veloped while the skin of the steel is in the hot-tear 
temperature range. For instance, stress areas on 
are chilled quickly and heavily to 
zone 


intricate passe 
bring these areas down below the hot-tea! 
before overall contraction takes place 

The same fundamental principles are involved in 
making an intricate casting. Not only are there more 

thinner 
ection Thi 
manipulating the 


concentrated stress areas, but the section 
naturally cool faster than heavy 


counteracted by 


con- 
dition must be 
temperature through heading, gating, and chilling 
concen- 


These castings require chills in the stres 


tration areas, but other parts of the casting must 
be decelerated in cooling until the stress areas are 
below the hot-tear range 

No steel will stand stresses until the hot-teal 
range is passed. The tools used to avoid such stresses 
are heading, gating, chilling, and pour 


ture 


nw tempera- 


Microscopic Study of Structures Near Hot-Tear Range 


The photomicrographs in Fig. 3 represent the 
tructural conditions, which take place at high tem- 
olidification. These struc- 


peratures in the range of 


tures were produced by re-heating small samples of 


the original cast structure to progressive tempera- 
ture holding 20 min at temperature, and quench- 
ing in ice brine 

Although several types of 
in this manner, a 0.29 pet C, high chromium 
killed acid steel 1s throughout 
physical studies on thi tee] determined 
the hot-tear range to be between 2500° and 2600 F 

The first photomicrograph shows the structure 
100°F or more below the hot-tear range. The au 
how evidence of coring 


tudied 


ilicon- 


teel have been 
shown Original 
particula 


tenitic grains are large, and 
‘here is no evidence of melting or grain, disintegra- 
tion at thi Sut as the temperature is 
raised, the austenitic increase in size with 
At temperatures im- 


temperature 
Brain 
the ame evidence of coring 
mediately under the hot-tear range, there is no evi- 
dence of grain boundary weaknes Impact tests at 
2500°F show no evidence of brittlene At 2550°F, 
the steel begins to show the first signs of disintegra- 
tion. The austenitic grain boundaries are becoming 
more pronounced, and, within the grains, small area 
are beginning to melt. Impact testing at this tem- 
perature begins to show marked brittlene: 

When heating from 2550°F up to the 
point, large austenitic grains break up into 
ones until the grains gradually disappear into liquid 


The photomicrograph how clearly how the grain 


melting 
maller 


become more prominent and how melt- 
The impact value 


boundars 
ing takes place within the grain 


s zero at such elevated temperature 


. cerned 


During the freezing cycle, every steel sets up a 
which re- 
mains intact treatment 
Steel that has been homogenized or quenched and 
tempered gives the same hot-tear temperature range 
when reheated to these high temperatures as the 
ame steel in the as cast condition. From these find- 
ings it is believed that research on microstructure 
and Charpy impacts carried out in a heating cycle 
vives the true hot-tearing characteristics and tem- 
of embrittlement 

tearing, conducted by 


structural and chemical heterogeneity 
regardless of subsequent 


perature range 

Research work on hot 
other investigators, has been done during the freez- 
ing cycle, but the author does not entirely subscribe 
to this type of approach due to the inaccuracy which 
may be present in detecting temperatures and 
physical changes 

Extremely accurate temperature and impact meas- 
can be made by heating impact specimens 
required temperatures, Furthermore, 
can be made at various 


urement 
to the variou 
accurate photomicrograph 
by quenching small samples in brine 
on heating clearly show 


temperature 
The microscopic structures 
the change from ductility to brittleness and agree 
with change detected by impact testing 

This report would not be complete, however, un- 
le there was some degree of proof that there was 
an agreement between this investigation, conducted 
on a heating cycle, and the actual conditions occur 
ring in the original solidification of the casting 

The best method of studying the cooling cycle is 
by a study of cooling microstructures, which can be 
compared with microstructures and physical prop- 
erties attained on heating. If cooling micrographic 
conditions agree with heating structures and prop 
erties, then the hot-tear ranges can easily be deter- 
mined by reheating methods 

Shown in Fig. 4 are microstructures of a 0.30 
tee] heated to 2850°F, cooled to the indicated 
temperatures, and quenched in ice brine, The struc- 
ture at 2750°F represents the steel that is liquid o1 
just beginning to freeze. At 2700°F the austenitic 
mall, and there is distinct grain boundary 
weakne in evidence. At 2600°F the austenitic 
grains have grown in size, but weakness still exists 
around the boundarie Impact tests at this tem- 
perature were practically zero and showed a brittle 
grain boundary fracture. At 2500°F the steel has 
completely frozen and shows large austenitic grains 
Impacts at this temperature show complete ductility 

Thus, it can be seen that the impacts and micro- 
tructures on heating agree with the microstructure 
on cooling as far as brittleness detection is con- 
The author, therefore, feels that the experi- 
mental technique used is justified 


pet C 


Zrains are 
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Based on an Article by 


C. W. Finkl 


Small Melting Shop 
- Dust and Fume Control 


UST a few years ago, effective smoke collection 


from an electric furnace was next to impossible 
At the A. Fink! & Sons shop; heavy dust particle 
covered the equipment, and on humid days, the pall 
of smoke in the shop wa uch as to practically 
Visibility 
being di charged over the neighborhood, 


eliminate between floor and crane cab 
Dust wa 
and it was felt that atmosphere in the shop wa 
neither safe nor healthy. Something had to be done' 
In the intervening period, much progre has been 
made. Although the atmosphere in the shop isn't 
parkling clear, tt is felt that dust and furne 


hazard 


alway 
are under good control, and the previou 
and nuisances have been eliminated 

Finkl & Sons melt shop i 
20-ton Moore Lectromelt furnace 


inally controlled with seven 24,000 cfm roof venti 


equipped with two 
Fume was orig 
lators, operating between two corrugated heet 
75 ft apart, and extending from the 
to the top of the roof. These 


metal curtain 
bottom of the tru 


C. W. FINKL is Plant Engineer at A. Fink! & Sons Co., Chicago 
Paper is to be presented at the Electric Furnace Steel Conference, 
Chicago, December, 1956 


exhaust fans consumed a total of only 14 hp and did 
a reasonably good job of exhausting fume during 
the ummer months when using clean scrap and 
However, during the cold weather, 
windows and doors at the base of the 
would 


ingle slag heat 
when the 
building were closed, the roof ventilator 
ide-track air around the curtains from the over- 
and not from the furnace When all- 
heavy scrap charges were no longer available, and 
the plant changed over to all-double slag heats, the 


head louver 


moke condition became serious. The exhaust fan 
eemed useless, and it became evident that means 
must be provided to bring heated air in at approxi- 
mately floor line to carry the smoke up to the roof 
fan 

The first step was to install eight 25,000 cfm fresh 
au heaters, providing 200,000 cfm of 60°F fresh au 
some 6 ft above floor line. These heater 
dense close to 10,000 lb of waste steam per hr and 
return it to the boilers for make-up. This paid for 
the additional 80 hp fan to run the heaters. Close to 
the floor line, heated air helped fine particles of 
dust rise to the exhaust fans and louvers, but heavier 
till precipitate on the equipment, 


can con- 


particles would 


One of the two Lectromelt furnaces in 
the A. Fink! & Sons shop is shown at 
left, with the hoods in operation. Be 
tween 3 and 6 Ib of dust per ton are 
collected, depending on the cleanliness 
of the scrap. Previous to installation of 
the hoods, much of this fume due to its 
extremely tine nature, would have been 
hanging in the air 


= 
j 
ats 
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and visibility was poor on humid day Hoods for 
the furnaces and dust collectors were the next move 


Selection of Equipment 

Hoods were selected from the catalogue of Ameri- 
can Air Filter of Louisville, but choice of a suitable 
dust collector appeared to be a much greate1 prob- 
len Rotary collectors, electronic precipitators, wet 
collectors, and bag type collectors were considered 
Due to the extremely small particle size, large vol- 
umes, and capital investment required, the bag type 
collector manufactured by the Wheelabrator Corp 
if Mishawaka, Ind. was selected. No doubt there 
are any number of suppliers for this type of equip- 
ment, but their dust collector fitted nicely on the 
plant's fire-brick storage building 


Shown above is the baghouse installation, with both the in 
take and exhaust manifolds clearly visible 


Description of Equipment 

The hood is in three sections: the first section 
over the charging door contains a sliding companion 
flange, plenum chamber, and distribution damper 
The center section has three non-magnetic stainless 
tee] flappers around the electrodes to facilitate 
maintenance of the cooler rings, and help reduce 
the hysteresis losses in the hood. The front section 
has a slot to collect whatever fume comes from 
around the spout. All three sections are supported 
on roof supporting arms and the 13-ft 6-in. roof 
ring. Each complete hood requires 31,500 cfm at 
4 in. water gage suction 

Two separate dust collectors of six bag houses 
each are assembled into one continuou unit 100-ft 
long and mounted on top of an adjacent building 
Only five of the six bag houses are in operation at 
the same time, with one of the bag houses being 
valved off for shaking into its 60° hopper. Rotation 
from one bag house to another for shaking is auto- 
matic, and duration of shut down and bag shaking 
is adjustable. The bag ratio is 2.92 cfm per sq ft 
with one bag house off the line for shaking, and 
2.44 cfm per sq ft of bag area with all units in 
operation. Each furnace has its own exhaust system 
but the two 60 hp exhaust fans can be cross 
connected if one should fail. These fans are on the 
clean air side, permitting the use of backward curved 
blades instead of the long-shavings type, which 
would be necessary if fans were on the dusty or inlet 


ide of the bag house This method of installation 

a little more expensive, due to additional mani- 
folding, but has the following advantages: 1) more 
efficient non-overloading type fan; 2) easier start- 
ing, lighter fan wheel; 3) impeller stays clean and 
asts longer; 4) kk vibration for overhead installa- 


tions; 5) bag houses under suction instead of pres- 
sure won't leak dust; and 6) effluent can be dis- 
charged back into shop on cold days to save the 
waste heat 

Fume temperature into the the bag houses is 
limited by a motor-operated, 15 in. butterfly valve 
that vents fresh, cool air into the system, if the duct 
temperature should reach 275 F. If this should prove 
insufficient or fail, a 12x12 in., gravity operated, 
drop-out damper in the shop will open at 300°F 
Each hopper has a rotary valve, discharging into a 
common conveyor so the hoppers can be emptied 
during operation 


Installation 

Regardless of the kind of hoods used, you will 
find that they don’t fit the measurements; so don't 
try to install them between heat Sometimes a 
week-end may even be too short! It depends on 
how accurate measurements are and how much the 
furnace has warped and distorted between the time 
of measurement and assembly 

Chicago Blow Pipe designed and erected the duct 
work according to our specifications, which accom 
modated both the hood and dust collector require 
ments. The ductwork, as usual when properly in 
stalled, proved to be maintenance free 


Results 

Probably the most interesting, if not the most im- 
portant items, are capital costs and operating ex- 
penses. The first part can be hit on the nose as 
follows 


Structural 891.70 
Electrical equipment not supplied 2701.53 
Dust collector 52770.00 
Edison-excess faciliti 946.00 
Iron & sheet metal workers 10609.40 
Leads & Northrup recorde 1158.05 
American Air Filter hood 11556.68 
Painting 2687.00 
Chicago Blow Pipe ductwork 17499.00 
Own labor 6374.32 
Odds and ends 465.78 

Total $107,659.46 


By taking an accelerated five year depreciation 
and adding an estimated two year bag life, power 
consumption, and maintenance, then dust collection 
will probably come close to a surprising $1.00 per 
ton. However, the effect on operation is not so dis 
couraging, and it was found that hoods and dust 
collectors are not as hard to live with as might be 
expected, The dust collector tarted operating on 
Oct. 18, 1954. For a 13 week period prior to that 
date, kwh per ton averaged 524, and for a similar 
period afterward the average wa 520 kwh A 
imilar negligible comparison was observed in elec 
trode consumption, although a higher electrode 
column is now carried, so the electrode clamps will 
clear the additional hood height without changing 
operations appreciably. Likewise, refractory life of 
the roofs has remained relatively unchanged, al- 
though it takes longer to change a roof with a hood 
installed. Whenever it is possible, roofs are changed 
on week-ends when the shop is down. The coole 
rings take much longer to remove than before and 
are difficult to change with the hood in the way 

Jetween 3 and 6 lbs of dust per ton are collected 
depending on the cleanliness of scrap and operating 
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condition 


materials ever handled-—it just seems to get all ove 


everything! To minimize this, it is collected from 
the screw conveyer into paper bag 
about 40 Ib of du t 


until a litth 


, each containing 
Even this was a filthy operation 
bagging booth wa et up and kept 
uction from the dust collector manifold. At 
first, bagged dust wa 


under 
recharged to reclaim some of 


the alloys and save paying the scavenger to haul it 
of dust per ton kept going up 


Dust analysi 


away, but the pound 
until the practice was discontinued 
is shown in Table I 

Probably the greatest unknown factor confront- 
ing the plant engineer in installing a dust collector 
is the temperature of the effluent coming from the 
hoods. Results of more than a year's operation indi- 
cate that peak temperatures last only a few minute 
and usually occur during a blow or a cave-in. Peak 
of 300° F have been recorded, but generally they run 
in the neighborhood of 275°F. The average maxi 
around 200°F, and 
close to 130°F, 
afe figure for the Orlon bags being used 

Bag life 
two year 


mum temperature per heat is 
the overall average run which is a 
hould exceed the guaranteed figure of 
Only a half dozen bags have been re 
placed so far, and they either tore from not being 


properly anchored, or had a small hole burned 


through. The remainder of the bags are still soft 
and pliable, dark brown in color, and seemingly 
covered with an oily film. They look as if they 
should last for a few more years. Bags are inspected 
weekly to see that they are properly anchored and 
that there are no leak 
house are checked daily to make sure that bags are 


Pressures across each bag 


shaking clean and that dampers and program contro! 


of the shake-down periods is functioning properly 


Table |. Electric Furnace Dust Analysis, Pct 


Fe) 42 Meo 7.0 

Fed), 15.04 2.3 

CaO “49 Ca 

Als i29 NiO 03 

an PAO 0.1 

12.1 0 2¢ 
Pius traces of molybdenum and snadiun 


Hood life ha 
have been rebuilt about every six months. If the 


been rather discouraging, and hoods 


hoods warp too badly, especially around the elec- 
trodes, much of the fume escapes, and the hood 
become inefficient. Most of the structural support- 
ing members have been taken out from under the 
top plate and replaced with 30 to 40 lb per yd rail 
above the top plate. Cast heat-resisting, alloy flap- 
pers to go around the electrodes also have been 
ordered. This combination should appreciably in- 
crease hood life. The construction is no more ex- 
pensive, as relaying rails can be used, and the cast 
cheaper than sawing flappers out of 
It costs between $800 and $900 


flappers are 
stainless steel plate 
to rebuild a hood 

Addition of hoods has had no effect on the oxida 
tion of the reducing slag, but to check the effect of 
the hoods under suction, draft readings were taken 
at the slag line. Furnace pressure at this point 
averages —0.02 in. water gage, with or without the 
exhaust fans in operation 

With all shops becoming noise 
having the necessary equipment for measuring noise 
in the forge shop, it was decided to check the elec- 


‘onscious, and 
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The dust is one of the messiest waste 


tric furnaces for noise, with and without hoods. The 


results were gratifying, as the hoods reduce the fur- 
output by 
octave band around 4000 cp 


overall readings, but they 


about 5 db in the critical 
They also reduce the 
ound- 


nace noise 


must work like a 


ing board, since the noise ouput in the lower, less 


harmful frequencies is accentuated. Audiometer 


tests are run on all employees at least once a year, 
hown any hearing loss as a 


and so far, none have 


result of working in the melt shop. Therefore, noise 


must be below the critical level 


sts ‘ee nee ‘ace 
ve se soe seo asco 


Plot of the noise level in the melt shop, showing how the 
hoods accentuate the lower frequencies, while diminishing 
the more irritating high frequencies 


Effectiveness of Installation 

The question of “how much of the dust do we 
at best a guess, since there is no way of 
Visually, under nor- 
, and comparing one furnace 


collect?” i 
measuring how much escape 
mal operating condition 
with the hood on, while the other is operating with 
no hood, it is estimated that between 80 and 90 pct 
of the dust is collected 

The system is satisfactory for 
tended. The 
place to work. The crane operator doesn't lose si,ht 
of the floor; however, the small percentage of smoke 
that does escape hangs around the shop on humid 


what it was in- 
shop is now a much cleaner and safe1 


days and leaves something to be desired 

The dust collector does an excellent job of extract- 
ing dust. Piping the effluent into the shop didn’t prove 
practical, since during a carbon block, the amount 
of carbon monoxide in the shop became too high 
During the operating periods of the furnaces, the 
hop is fairly free from smoke; however, during 
tapping and teaming the smoke in the shop again 
becomes a problem. A lateral type hood has been 
moke emitted dur- 
ing tapping, and about half of it is collected. The 
moke is piped into the dust collector of the furnace 
that is tilted, since its 


tapping anyhow. This system wa 


used to try to catch some of the 


hood is inoperative during 
improved by add- 
ing an axial flow blower in the opposite side of the 
pit. It discharged into a long slot, blowing 6400 cfm 
across the ladle and above the tapping 

force the smoke into the lateral hood. Thi 
discontinued 


tream, to 
addition 
proved to be effective, but its use wa 
until the lab could give definite proof that the tap 
stream was not being oxidized 

Nothing has been done, as yet, to collect the smoke 
impossible—but, a few 


moke 


from teaming, as it seem 


years ago, it seemed impossible to collect the 


effectively from electric furnace 
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Great Falls Billet Plant 


A description is given of the construction and operation of a billet plant de- 
signed and built at the Anaconda Co. plant in Great Falls, Montana. The plant 
produces 3 in. diam P-Cu billets with a high phosphorous content from cathode 


copper. 


N 1948, as part of a program to expand the copper! 

tube mill facilities of the American Brass Co 
plant at Kenosha, Wisconsin, plans were formulated 
to convert the 100 ton capacity anode casting fur- 
nace at the Great Falls, Montana plant of the 
Anaconda Co. to the production of 3 in. phosphor- 
ized billets. The furnace was rebuilt completely and 
construction was started on an addition to the 
building 

Members of the Great Falls staff visited various 
billet casting plants to draw upon the experience 
of other producers of this type of casting. Many 
features of other plants were incorporated into the 
Great Falls plant but, in addition, many new de- 
igns were made and perfected to make the plant 
the most advanced of its type 

Construction was begun in 1949, with the inten- 
tion of having the plant in production in the early 
part of 1951. In January 1951, as the plant was be- 
ing rushed to completion, the government placed 
restrictions on the production of copper tubing A 
a result, work was halted :and the plant lay idle for 
two years. Interest was reactivated in May 1953 
with the lifting of restrictions on copper Plan 
were laid to go into production in July and the first 
taken out July 1, 1953 

Basically the plant is designed to produce from 
cathode copper a 3 in. diam billet, 50 in. long 
weighing 110 lb, and containing 0.013 to 0.036 pet 
P, at a rate of 150,000 lb per operating day. These 
billets are to be pierced and drawn into tubing 


charge wa 


Furnace 
The furnace is a 100 ton capacity reverberatory 
fired furnace; 21 ft long and 9 ft wide 
through two 38 


type, gas 
Gas is introduced to the furnace 
hole Mettler gas burners. These burners are of 
chrome nickel alloy with four jets per hole. The 
from the Elec- 
crap from the 


charged with cathodes 
return 


furnace 1s 
trolytic Copper Refinery plu 
casting operation by means of a Wellman Seaver 
Morgan Co. 7,000 lb capacity 
The charge crane has a 20 ft boom and fork peel 
provided with an air ram to push material off the 


charging machine 


R. H. MILLER, Member AIME, and L. J. INGVALSON, Junior 
Member AIME, are Superintendents, Copper Refineries and Furnace 
Refinery, respectively, Great Falls Reduction Dept., Anaconda Co, 
Great Falls, Mont 

TP 4257D. Manuscript, Nov. 21, 1955. New York Meeting, Feb 
ruary 1956 


TRANSACTIONS AIME 


by Roy H. Miller and L. J. Ingvalson 


Fig. 1|—Schematic 
diagram of auto 
matic P-Cu shot 
feeder. Action takes 
place each time the 
wheel is moved 


WIT 


mau rire 


wes 


peel. The machine travels on overhead tracks and 
can be moved in any direction. The boom can be 
raised and lowered and swung through an are of 
180 With well stacked units of 6,000 lb, an ex- 
perienced operator can put the first charge into the 
furnace in 40 min 

After 
charge door } 
After melting and skimming off the slag 
is blown until an oxygen content of 0.40 pct ts 
reached. The metal is then heated to 2180°F, cov- 
ered with coke, and poled. Poling is continued until 
a 3 in. diam test billet, 8 in. long, shows a flat set 
The oxygen content is usually 0.030 pct at this time 
At the end of poling, a temperature of 2160° to 
2180'F is desired 

In the side of the furnace opposite the charging 
door is the taphole slot, extending 36 in. upward 
from the bottom of the furnace. It is 4% in. wide 
at the outside face and widens to 9 in. at the inside 
face of the furnace. It is filled with a wet mixture 
of sand, fireclay, and crushed coal. Flow of metal 


framed silica brick 
sealed with clay 


the copper! 


“teel 
put in place and 


charging, the 
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from the furnace is controlled by successively cut- 
ting small portions of the taphole clay 

The location of the taphole, charging door, burn- 
ers, and charging machine caused limitations in the 
space available for the casting machine, presenting 
ome problems in design, all of which were even 
tually overcome 


Casting Machine 


Copper from the furnace flows down an & ft 
launder to a 1,000 Ib capacity ladle. The ladle is 
controlled by a hydraulic system made up of two 
Vickers pumps driven by two 2 horsepower ac 
motors which maintain 400 lb of pressure. The ladle 
is raised by a 5% in. hydraulic cylinder controlled 
by a Servo valve 

The ladle lips are designed to pout 
into two funnels, which deliver copper to the two 
pockets of the mold 

Funnels—Originally, the funnels were hand made 
of a mixture of sharp sand, cement, and a little fire 
clay shaped in a steel shell. The bells of these fun- 
nels were 4% in. sq, with a throat 2% in. long and 
% in. in diam. The life of a funnel was less than 
one day. Various types of high temperature cement 
were tried, without much success 

Present funnels are purchased from Harbison- 
Walker Refractories Co., and are made of the same 
material used for the production of Duro brick 
These funnels have been found to be far superior in 
quality and give a much longer life than any that 
could be made locally. One funnel usually last 
from two to three days 

The Duro funnels now in use have a rectangular 
bell 6% in. long by 4 in. wide, with a 11/16 in. sq 
throat 4% in. long 

Phosphorous is added to the ladle automatically 
after each pour in the form of a 1/16 in. diam shot 
85 pet Cu and 15 pet P, in sufficient quantity to de- 
oxidize the copper and leave an average phosphorou 
content of 0.025 pet 

Phosphorous Feeder—The operation of the auto- 
matic dispenser, see Fig. 1, is as follow 

A storage hopper large enovgh to hold 1,000 Ib of 
shot, slightly more than a day's supply, is mounted 


imultaneously 
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Fig. 2—-General view of casting 
wheel shows the 16 two-pocket, 
water-cooled molds, general 
piping arrangement and, in the 
background, the funnel and 
pouring ladle. Hood over ladle 
is part of exhaust system for 
carrying away dust and fumes 


ide of the pouring ladle. A short 
down from the conical- 


above and to one 
length of 1 in. pipe extend 
haped bottom. A slide 
located at a predetermined distance from the lower 
end of the pipe, and is operated by a 1 in. air cylin- 
der. At the bottom end of the pipe is a plug which 
is operated by a solenoid 
Normally the slide is 
allowing the pipe to fill with shot 


imilar to a gate valve is 


open and the plug closed, 
Each time the 


Fig. 3—Automatic painting machine sprays a light coat of 
a graphite, bone black oil mixture on each mold. Spray heads 
are lowered into the molds by gravity and are raised by an 
electric motor and chain drive mechanism. A similar machine 
is used for brushing the molds, except that brushes operated 
by Elliot air motors are substituted for the spray heads 
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Fig. 4—General view of inspection and sorting conveyor. The cropping machine is at the extreme right of the sorting conveyor 
A pile of 51 cropped billets has been banded and is ready for loading onto an industrial railroad car by a 6,000 Ib capacity 
fork-lift truck. Additional billets have been diverted to the second bin while this action takes place 


wheel moves, the slide closes and the plug opens, 
allowing the measured amount of shot to drop into 
the collecting hopper and then through a pipe to the 
pouring ladle. Approximately 280 g of shot are 
added for each pour of two 135 lb billet 

The copper in the ladle is kept covered with char- 
coal to prevent oxidation 

The ladle operator i 
ide of the pouring ladle and can control the de- 
livery of copper to the mold by tilting the ladle 
Pouring time for one mold (two billets) is 15 to 20 
ec. The billets are not gated. Casting rate is ap 
proximately 40,000 lb gross production per hi 

The molds consist of two steel tubes 3% in. ID 
with % in. walls 62 in. long encased in a steel jacket 
12 in. in diam and spaced 5% in. center to centet 
Both top and bottom of the jacket are welded to the 
lip joint is provided to allow for ex 
Water at 130°F 
a 1000 gpm capacity centri 
heated 


stationed above and to one 


tubes and a 
pansion of the tubes 
through the molds by 
fugal pump. Prior to casting, the 
with steam to bring it to the proper temperature 


circulated 
water 1 
During casting, the temperature is controlled auto 
matically by a thermostat which adds cold water to 


the supply tank a 
There are 16 molds on a 16 ft diam casting wheel 


needed 


driven by a 10 horsepower ac motor by means of an 
Each mold rest 
uspended by 


outside ring gear and pinion on a 
12x6x3 in. copper base plate which 1 
a steel framework from the spokes of the 
wheel and is hinged to open and allow the billet 


casting 


to drop out, Fig. 2 
The ladle operator moves the wheel after each 


pouring by a push button control and the whee! 
stops automatically at the next pouring spot 

At a point 90° from the pouring spot, the base 
plates are partially opened At 180° from the pour 
open and allow the billet 
Then, at the next spot, 


ing pot the base plate 
to drop into a water bosh 
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the molds are brushed to remove any loose carbon; 
as the following spot, the base 
plates are closed 
about % in. This insures a tight seal between base 
plate and mold. After closing, the mold is painted 
with a mixture of bone black and graphite in light 
fuel oil and is ready for the next pouring 

Each time the operator presses the button to move 
the wheel, the following automatic operations take 


mold passes the 
In closing, the molds are raised 


place 

1) A feeder drops a measured amount of 15 pet 
P-Cu alloy shot into the pouring ladle 

2) As the wheel moves, a base plate is partialiy 
opened at a point four spots from the pouring spot 

t) A base plate is closed after passing the brush- 
ing spot 

When the wheel stops for the next pour, the fol- 
lowing automatic operations take place and must be 
completed before the wheel can be moved again 

1) The base plate of the mold 180° from the 
opened, allowing the billets to drop 
They fall into a basket and the 
hitting two striking plates closes 
witche Through a 
eries of relays and an air cylinder 
moves the basket to a horizontal position and rolls 
the billet 
out of the water and onto the inspection table 

2) The mold just past the dumping spot is 
loose carbon by rotating wire 
brushe Elliot air motors. The brushes 
are suspended directly over the mold. When the 
wheel stops, the brushes are allowed to drop into 
the molds and are then driven to the bottom by an 
electric motor, through a sprocket and chain drive 
When the brushes reach the bottom of the mold, the 
motor reverses and raises the brushes out of the 
mold. To prevent possible damage to the machine, 
the ystem is interlocked electrically, so that the 


pot is 
into a water bosh 
hock of the billet 
the contact in two mercury 


pouring 


olenoid valves, 


onto a conveyor, which carries the billets 


brushed to remove 
driven by 


DECEMBER 1956, JOURNAL OF METALS—1663 


i 
4 
+ 


wheel cannot turn until the brushes are out of the 
mold tube 

3) The mold three spots past the brushing spot 
is painted with the bone black, graphite, and oil 
mixture. This is done automatically by a machine 
similar to the brushing machine, Fig. 3, except that 
instead of brushes and air motors, the ends of the 
pipes which enter the mold tubes are equipped with 
a spray-head, which atomizes the paint mixture by 
means of low pressure air and sprays a thin coating 
of paint on the mold. The painting is done on the 
upward stroke only 


Inspecting, Shearing, Sorting, and Loading 


The billets roll past an inspector, who checks each 
one for surface defects. Any billet which would not 
be acceptable to the tube mill is rejected. After in- 
spection, the billets roll on down a table to a cup- 
ping machine. This machine will drill a 1 in. diam, 
1 in. deep hole in the bottom end of each billet in 
3 

The billets pass on to a shearing machine. As cast, 
the billet is about 60 in. long, but has a 10 in. deep 
shrink-hole in the top. This must be cut off before 
the billet is acceptable to the tube mills. The shear- 
ing machine is a Hill Acme Alligator Shear driven 
by a 7.5 horsepower ac motor, and making 30 strokes 
per min. The operator feeds the billet into the ma- 
chine to a predetermined mark. If the cut billet 
shows no sign of shrink-hole, it is sent down the 
sorting table. If a shrink-hole is visible, the billet 
is cut again to a shorter length. If this does not 
eliminate the shrink-hole, the billet is scrapped 


After shearing, the billets are sent down an in- 
clined roll conveyor and are automatically sorted 
according to size, counted, and dumped into cradles 
Three flag switches are mounted beneath the rolls 
at each dumping station. The switches at the first 
dumping station are arranged and wired to dump 
any billet less than 43 in. long. This is done by 
having two switches 43 in. apart, with a third switch 
A billet longer than 43 in. will actuate 
simultaneously allow it to 


in-between 
all three switches, which 
pass this station and continue along the roll table 
A billet shorter than 43 in. will actuate only two 
switches and will be dumped into the cradle. These 
billets are scrapped as being too light 

Billets which pass the first dumping station con- 
tinue on to the second dumping station, where any 
billet between 43 in. and 47 in. in length is dumped 
into a cradle utilizing the same principle as the first 
station. These billets are classed as 100 Ib billets 

Billets longer than 47 in. continue on to the third 
and fourth dumping stations, and are classed as 110 
Ib billets. Maximum length of a billet is 52 in 

The billets are counted automatically as they are 
dumped. When 51 billets have been delivered to a 
cradle, no more can enter until it has been emptied, 
see Fig. 4. A truck operator bands the 51 billets, 
removes the bundle from the cradle with a 6,000 Ib 
capacity fork-lift truck, and places it on an indus- 
trial car. The billets are then trammed to a loading 
platform, where they are loaded into box cars for 


shipment to various American Brass Co. plants 


vies) to AIME by Feb. 1, 1957 


Discussion of this paper sent (2 coz 
s Vol. 208, 1957, and in Journal or 


will appear in AIME Transaction 
Merats, October 1957 


Low Manganese Steels For Nuclear Applications 


When the radioactive isotope of manganese is not wanted, low manganese steels 
of 0.10 to 0.15 pet Mn have been made by the basic open hearth process and rolled 
into plate, bars, and seamless tubing. The low manganese stee.. are interchangeable with 
standard grades of carbon steels for many uses. They are superior to standard grades of 
carbon steels in terms of freedom from strain aging, improved high temperature strength 
and ductility, and absence of certain disadvantageous nuclear or chemical properties. 


by H. F. Beeghly 


NTIL recently the only criveria by which steels 
were judged were their cost and their mechan- 
ical, chemical, and physical properties. The user was 
concerned with such properties as corrosion resist- 
ance, tensile strength, response to thermal treatment, 
hardness, ductility, and, to a growing extent in re- 
cent years, with behavior at high temperature. As 
plans were made to build power reactors, a new set 
H. F. BEEGHLY, Research Engineer, Jones & Laughlin Steel Corp, 
is on leave to Westinghouse Electric Corp., Bettis AEC Plant, Pitts 
burgh 
TP 4267CE. Manuscript, Dec. 30, 1955. EJC Nuclear Engineering 
and Science Congress, Cleveland, December 1955 
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of properties became important—the nuclear char- 
acteristics, which had to be considered by the de- 
signer and engineer in building his plant 

The nuclear engineer developed methods for the 
rare and new metals and produced them in high 
purity, often at great expense. The pure metals then 
provided the raw materials for 
For more common structural metals, such as steel, 
the nuclear industry commercially 
available material Generally, the quantities re- 
mall and specifications were rigid. It is 
not surprising, therefore, that difficulty was fre- 
quently encountered in procuring structural mate- 


tailor-made alloys 
depended on 


quired were 
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Fig. 1—Microstructures of low manga 
nese steels. Upper left, standard 


A212 as rolled; upper right, standard 


A212 normalized; lower left, RH-1031 
as rolled; lower right, RH-1031 nor- 
malized. Etchant 3 pct Nital. Mag- 
nification X500, reduced approxi 
mately 15 pct for reproduction 


rials, and less than the ideal material was obtained 
sometimes for a given application. Today, structural 
materials constitute probably the most serious limi 
tation to construction of nuclear power plants of high 
efficiency at low cost. 

In designing a steel for nuclear applications, what 
properties need be taken into consideration? First, 
structural integrity is even more necessary here 
than in most other applications. Second, corrosion 
resistance is very important. The corrosion media 
include such diverse materials as water and liquid 
metals. Third, the nuclear characteristics must be 
right. Good thermal conductivity and resistance to 
radiation damage are also important. A more de- 
tailed treatment of the requirements for nuclear 
structural materials may be found in publications 
such as those of Stephenson” and of Hausner and 
Roborf.’ 

Table I shows the elements common in commercial 
steels, arranged in order of decreasing cross sections 
for thermal neutrons. Assuming that a large cross 
section is undesirable, manganese is the major 
offender common to all grades and types of steels, 
amounts used being of the order of from 0.25 pct in 
low carbon steels to 2.5 pct in the 18-8 type alloy 
steels. If interest is confined to carbon steels, no ele- 
ment except manganese has a cross section greate! 
than that for iron. This is an over-simplification, of 
course, because commercial steels contain residual 
amounts of other elements introduced unintention- 
ally with raw materials and scrap in the steelmaking 
process. These amounts are of the order of a few hun- 
dredths to a few thousandths of a weight percent 
Cobalt, counted as nickel in steelmaking alloys,’ may 
be 0.08 to 0.10 pet or more of the nickel content 
Tantalum is present also in the stabilized grades of 
type 18-8 stainless steel. For applications where 
sources of radioactive isotopes must be kept at a 
minimum, carbon steel low in manganese definitely 
would be superior to carbon or alloy steels with 
normal manganese content 

It might be c4ncluded from Table I that to obtain 
steel] with a small! cross section for thermal neutrons, 
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a carbon steel should be chosen and some way found 
to eliminate manganese. For applications where cor- 
rosion resistance is not the primary requisite, such a 
steel might compare favorably with alloy steels both 
on the basis of mechanical properties and cost. Aside 
from any desirable nuclear characteristics, produc- 
tion of such a steel would be a technically feasible 
way to conserve manganese, an element whose 
domestic, high grade deposits are very scarce, The 
American Iron & Steel Institute reports importation 
of slightly more than 3 million tons of metallurgical 


Table |. Microscopic Absorption Cross Sections for Thermal 
Neutrons of Elements Commonly Found in Steel" 


Cross Sections In Barns Cm* 


Groapt Groep tl Growp 

s 0.5 Fe 24 n 750 

Al 0.22 Mo 24 Co 40 

P 0.19 N 18 Ta 21.3 

Z 0.18 Nb 1.1 Ww 192 

Pb 0.17 Mn 12.6 

Si 0.13 

c 0.0045 Ti 5.6 

oO 0.0002 Vv 47 
Ni 45 
Cu 16 
cr 29 


quality manganese ore for 1953. Domestic produc- 
tion for the same year was only about 150,000 tons 
These incentives plus experimental data compiled in 
a research program on the chemistry of sulfur in 
teel led to the production of the carbon steels, which 
are to be described here 
The success in hot rolling high sulfur-low man 

ganese steel such as a low manganese SAE/B1113 
grade, and data subsequently published’ showing 
that titanium or zirconium could be used to replace 
part of the manganese in steel, led to the decision to 
produce steel in an experimental open hearth with- 
out addition of manganese. The heats were cast into 
7,000-lb ingots. From ingot stage to finished product 
the steels were produced in full size mill equipment 
under customary processing conditions for compar- 
able grades with normal manganese contents 
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Table |. Specifications of Normal Manganese Steels for Which Low Manganese Alternates Were Made 


Tensile Requirements 


Cempesition Tensile Vield Elongation, Pet 
ASTM Strength, Strength, 
Grade c Mo r st Psi Psi, Min In 
A2128-S4aT 6.31 099 0.035 0.04 0.15 to 0.30 70,000 to 85,000 48,000 i9 22 
man ‘mani (max max 
A1068-56T 0.30 29 to 1.06 0043 0 058 60,000 (min 35,000 22 
max ‘marx max) min 
A242-55 022 1.25 70,0000 (min. 50,000 18 
max ‘man ‘max 
* May contain such additional alloys as will give the mechanical properties described 
Table I1!. Composition of Low Manganese Steels 
Composition, Wt Pet 
Heat No ‘ Mn r Al Cu Ti Ze Vv 
A212 % in. plate 027 0 62 0.012 0.040 0.26 
RH -1091 ladle 017 0.08 0.004 06 008 0.15 0.15 
% In. plate 0.19 0.08 0.010 0.019 0.19 0012 0.17 
Ladle 023 0.10 0 006 0014 0.25 014 
In plate 0.22 0.08 0.008 0.017 0.19 0.009 0.16 
1065 Ladle 0.33 0.20 0.017 0011 0.40 0.47 
1 in. plate 0.33 0.19 0.020 0.021 0.25 044 
Al06n Pipe 0.25 0068 0.02% 0017 024 
RH-108)1 Ladle 0.31 0.12 0.018 0.020 0.14 0.30 
Pipe 031 0.13 0.019 0.021 0.16 0.019 0.31 
A242 % in. plate 0.14 1.16 0 008 0.017 0.08 0.012 0.27 0.055 
RH-1080 Ladle 0.12 0.16 0.012 0.013 0.13 0.37 0.34 
In. plate 6.11 017 0 009 0.017 0.10 0.12 0.39 0.38 
RH.1061 Ladle 0.08 0.15 0.008 0.020 0.08 0.38 0.45 
“e in. plate 0.07 0.15 0.004 0.016 0.06 0 048 0.39 047 
RH.1055 Ladle 0.06 0.07 0.005 0.022 0.09 0.40 0.32 
% in. plate 0.06 0.08 0 008 0.015 0.09 0.40 0.40 0.31 
The initial goal for this work was to determine were made. The A212 grade B firebox quality Is a 
v 
whether low manganese steels (an arbitrary 0.10 boiler plate grade, the A106 is commonly used for 
pet max Mn content was set) could be made and seamless pipe, and the A242 is a low alloy, high ten- 
rolled with commercial equipment and processing sile grade 


would be acceptable 
standard tests 
of steels to 
were 


conditions into products that 
commercially when evaluated by 
This paper is limited to consideration 
which titanium or zirconium with aluminum 


Table IV. Tensile Properties of Low Manganese Steels, 
Grade A2128* 


Hot Rolled 
Property Atizh** KH-1081 KM-1055 
Tensile strength, pai 71,350 87,100 82,850 104,100 
Yield point, psi 40,950 67,9001 63,6001 63,0004 
Flongation, 8 in 240 17.0 17.0 17.5 


Stress Reliewed-—4 Hr at 1150°Fr 


Tensile strength, pai 66,900 85,850 80,751 104,700 
Yield point, pai 37,600 57,000 50,900 64,0001 
Elongation, @ in 26.3 16.0 18.0 17.0 
Normalized 
Tensile strength, psi 73,200 70,900 70,200 88,000 
Yield point, psi 48,000 56,750 54,800 69,800 
Elongation, 8 in 27.6 22.5 22.1 23.0 
* All heats passed bend and homogeneity tests 


| Vield strength at 0.1 pet offset, psi 
t Yield strength at 0.2 pet offset, pei 
** Tests were from % in. plate; RH-1031 and RH-1092 were 
in. plate; RH-1055 was from | in. plate 


fror 


added in place of manganese and is regarded as a 
progress report rather than a summary of results of 
a completed research program 


Steelmaking 
The experimental open hearth used for produc- 
tion of the low manganese steels was described by 
Work and Banta in 1939." Table II gives the com- 
position and mechanical property requirements for 
the grades for which low manganese alternates 
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The goal of the steelmaking program was to pro- 
duce meeting the composition requirements 
for the above grades with a maximum 0.10 pet Mn 
content. Either titanium or zirconium would be 
added to replace the manganese so that mechanical 
properties as good as those of the standard grade 
would result. Seven heat 
discarded because of processing difficults 

The furnace charge consisted of approximately 50 
pet scrap, and 45 pct pig iron, and the remainder 
of limestone and burnt lime. The scrap was charged 
first along with 3.3 pct limestone. After the bath had 
melted level, the second charge consisting of pig 
iron and 1.7 pet burnt lime was added. The carbon 
content of the bath at melt down was of the order 
of 1 pet. Carbon was eliminated at a rate of ap- 
proximately 0.01 pct per min. Oxygen was used in 
RH-1053 and RH-1055 to promote carbon elimina- 
tion. Table III shows the composition of the heats 


teel: 


were made none being 


Heats RH-1031 and RH-1032 were deoxidized in 
the ladle with 3.4 lb per ton of aluminum and 6.2 
lb per ton of titanium in the form of high silicon 


ferrotitanium. A furnace block was not used. For 
the remaining heats a block of 2.75 lb per ton of 11 
pet ferrosilicon was used. The ladle addition of 
aluminum was increased to approximately 5.5 Ib 
per ton for RH-1050, RH-1055, and RH-1081. For 
heats RH-1051 and RH-1053, total aluminum addi- 
tions of 11 and 18 Ib per ton, respectively, were 
made—in the former case, low silicon ferrotitanium 
containing 6 lb per ton of aluminum was added; in 
the latter an aluminum-zirconium alloy pro- 
vided zirconium and 13 Ib per ton of aluminum 
Coal was added to meet the carbon specifications for 
the A212 grades. All heats were fully killed except 


Case, 
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Fig. 2—Microstructures of low manga 
nese steels. Upper left, RH-1032 as 
rolled; upper right, RH-1032 normal 
ized; lower left, RH-1055 as rolled; 


lower right, RH-1055 normalized 
Etchant 3 pct Nital. Magnification 
X500, reduced approximately 15 pct 
for reproduction 


RH-1055, which grew in the mold. All were cast in 
16x32-in. big-end-up molds 

With the exception of RH-1081, the ingots were 
hipped 


cooled to room temperature, stripped, and 


Table V. Tensile Properties of Low Manganese Steel, Grade A068" 


Annealed 
Hot Hot 

Rolled Rolled 


Property Subcritical Full 


Tensile strength, ps 73,830 
Yield point, psi 
Elongation, 2 ty 90 


All specimens passed flattening and hydrostati« 


to the Pittsburgh Works, where they 
for rolling into slabs and 
“4. or l-in plates along with production heat The 
grade Al06 heat (RH-1081) wa hipped to the 
Aliquippa Works where it was rolled via 7x7-in 
billets into 344 in diam x 3% ft long rounds and, 
subsequently, into 2% in O.D. schedule 80 
less pipe in pieces 24 ft long 

At no stage in the 
operating difficulties reported. The 
and appearance of the finished material was fully a 


were scheduled 


ubsequently into ! ly 


scam- 


rolling operations were any 
surface quality 


good as that of the normal manganese grade 

Following this, portions of all of the plate wer 
hot rolled to sheet, and the sheet cold reduced to 
strip as light as 0.015 in. thick. The pipe was re- 
duced to approximately % in. tubing without diffi- 
culty. Surface finishes were equivalent to those ob- 
tained with commercial steel of normal manganese 
content 

Properties 

Mechanical Properties—The mechanical property 
tests called for by ASTM cification for the re- 
bend, and 
flattening and 


tensile 


pe 
spective grades art 1) A212 


homogeneity 2) Al06 tensile 
hydrostatic: and 3) A242: tensile and bend. Table 
IV to VI show these data for the low manganese 
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teels. For each grade, representative data for a nor- 
mal manganese content steel are shown also 

Low manganese material was generally stronger 
and somewhat less ductile than comparable grades 
with normal manganese content. It will be noted 
that RH-1055 contained more carbon than would be 
permissible for A212B plate of this thickness; also 
the silicon content was maximum, The manganese 
exceeded the 0.10 pet maximum set for the low 
manganese steels. Heats 1050 and 1051 also con- 
tained more manganese than was desired. The car- 
bon contents of RH-1051 and RH-1053 were ap- 
preciably lower than that of the commercial A242 
material tested 

Figs. 1 to 4 show the microstructures of the low 
manganese steels in the as-rolled and heat-treated 
condition. For comparison, the microstructure of a 


Table Vi. Tensile Properties of Low Manganese Steels, Grade A242" 


Hot Kolled 


Property nH.1050 


71,400 63,150 59 450 60,950 
48,300 73,650 None 47,450 
2 242 11.0 35.5 
Stress Kelieved—4 Hr at 1150°R 


81,800 59 600 54,400 
70,700 None 40,250 
26.5 02 36.5 
Nermalized 
49,750 54,800 


None 41,100 
05 34.5 


ed bend teat 
om ™% i plate, RH-1060 and RH-1061 were from 


pecimen of commercial grade A212B material is 
hown also. It should be noted that the carbon con- 
tents of RH-1050, RH-1051 ad RH-1053 are con- 
iderably lower than those of the other steels 

Table VII gives tensile properties and hardness 


values for the low manganese plate after quench- 
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Fig. 3—Microstructures of low manga 
nese steels. Upper left, RH-1050 as 
rolled; upper right, RH-1050 normal 
ized; lower left, RH-1051 as rolled; 
lower right, RH-1051 normalized 
Etchant 3 “its! Magnification 
X500, reduced approximately 15 pct 
for reproduction 


Fig. 4—Microstructures of low manga 
nese steels. Upper left, RH-1053 as 
rolled; upper right, RH-1053 normal 
ized; lower left, RH-1081 as rolled; 
lower right, RH-1081 annealed at 
1650°F. Etchant 3 pct Nital. Mag 
nification X500, reduced approxi 
mately 15 pct for reproduction 


. 
‘ 
2 Fig. 5—Short-time tensile strengths 
‘ 
. or low manganese and nor 
+ » sof ganese and normal manga 
iz 
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Temperature, °F 


Quenched 


RH -1022 z in. plate 1675 600 
800 
1100 
1200 

2000 #00 
800 
1000 
1100 
1200 

RH-1050 sin. plate 1675 600 
R800 
1000 
1100 
1200 

2000 600 
800 
1000 
1100 
1200 

RH-1051 ‘ plate 1675 600 
800 
1000 
1100 
1200 

600 
800 
1000 
1100 
1200 

RH.-10 sin. plate 1675 600 

800 

1000 

1100 

1200 


Tempered 


Table Vil. Tensile Properties of Quenched and Tempered Low Manganese Steels 


Vield Strength, Tensile 
6.1 Pet Strength, Flengation Reduction, tn Hardness, 
Offset, Psi Psi tin, Pet Area, Pet Re 


68,200 
64,100 
58,500 
57,900 
56,900 
69,200 
66,900 
62,900 
65,700 
64,000 
48,500 
50,200 
48.800 
47,900 
49,900 
73,000 
73,700 
76,700 
76,800 
79,300 
25,900 
28,400 
27,100 
25,600 
26 500 
68,000 
66,300 
74,800 
75,300 
61,300 
$4,300 
34,100 
$3,300 
31,700 
42,300 


92,700 26 


7,300 60.3 92 
81,400 “4 65.7 a6 
81,300 28.5 60.8 ae 
79,700 27.5 “6.6 as 
91,200 ”) 71.6 
88,400 71.5 92 
84,000 aS 
85,300 ‘1 42.8 
86,600 67.4 
43.000 702 74 
64,700 i4 79.2 75 
62,300 13.5 77.1 73 
62,100 i 74.5 7 
42,100 41.5 76.1 74 
87,000 24 73.2 
89,300 26.5 60.1 
90,100 25 71.5 w2 
88,000 26 e798 02 
93,200 21.5 679 
52,700 7 71.5 se 
53,800 17.5 70.1 
53,100 ‘7 70.7 
53,300 17.5 71.7 47 
53,600 7 77.0 se 
82.400 19 61.4 os 
79,500 18.5 al 
87,000 21.5 76 
49.250 21 410 
78,100 225 “5.0 74 
54.900 415 65.5 aa 
55.200 4! 43.0 67 
54,300 41.5 66.3 “7 
52,900 as “6.0 


.700 


ing from 1,675° and 2,000°F and 


tempering at 
elected temperatures from 600° to 1,200°F 


Information on the transition temperature and 
impact behavior of plate steels, such as are covered 
by ASTM grade A212B specifications, has been sum- 
marized by McGeady who concluded that little in- 
formation was available. McGeady’s study was of 
data on pressure vessel steels. In Table VIII are fer- 
rite (ASTM) grain size and Charpy keyhole impact 


values at room temperature and at 


for low 


manganese specimens. The values for the quenched 


and tempered specimens are the average 


for the 


conditions given in Table VII. Data on the transition 
temperature and impact behavior of the low man- 


ganese steels are incomplete, and the 


values in 


Table VIII are presented as preliminary information 


only. The ductile to brittle transition temperature 


for the low manganese steels in the 


as-hot-rolled 


condition are higher than usually obtained on stand- 


ard grade A212B material of the same 


processed in the same way 
Elevated temperature, i.e., short 


thickness 


tensile 


tests were made over the range from room tempera- 
ture to 1300 F. The tensile strengths of the low man- 


ganese steels at these temperatures are 


Table IX. Fig. 5 comnrares the tensile 
elongation of the low manganese with 


shown in 
strength and 
imilar data 


for carbor tee] and a manganese-molybdenum 


grade. The low manganese material is 


superior to 


the normal manganese material and as good as the 
lo pet Mo material. Table X shows the change in 
tensile strength from room temperature to 500°F 
for selected low manganese steels. By this criterion, 


the low manganese steels are not 


usceptible to 


train aging. RH-1050 was least satisfactory in this 
respect. Data on standard carbon steel plate and 
pipe at elevated temperatures have been presented 


by Enzian, by Miller,” and by Simmons 


and Cross 


Weldability tests were made by joining the low 


manganese steels to commercial A212 plate and to 


tainle tee] of the 347 (Nb stabilized) 
ype. Welds were made with the coated 


and 304 
metal-arc 


and inert-gas shielded tungsten arc processes. The 
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material welded satisfactorily in all cases with no 
evidence of porosity or cracking. Tests included face 
bend tests, guided side bend tests, and rectangula! 
tensile strength measurements on dissimilar weld 
plates. Tests were pulled transverse to the weld 
direction. The composite samples welded together 
with different types of electrodes all had sound 
welds. In every case the specimen failed outside the 
weld and heat affected zone. All data, including 
X-ray examination, indicated the low manganese 
materials welded as well as or better than com- 
parable commercial normal manganese grades 
Chemical Properties—By proper choice of raw 
materials, carbon steel can be produced with very 
low amounts of residual elements. Data on their 
level in scrap are given by Sullivan.” He does not 
include data for such elements as tantalum or cobalt, 
which are usually very low in carbon steel unless 


Table Vill. Impact and Grain Size Data for Low Manganese Steels 


Keyhole Charpy, Ferrite 


Grain 
Slee 
Koom ASTM 
Identity Heat Treatment wor Temperature Ne 
A212 Normalized 24 “4 
RH-1032 Normalized ‘ 24 4 
Quenched and tempered 7 40 
RH-105 Normalized 21 “ 
RH-105 Hot ed 0 4) 
tre elieved 47 6 
slized au 6 
Quenched and tempered 15 a5 


introduced in scrap. Manganese and iron, then, are 
the major constituents of carbon steel and are likely 
to be the major corrosion products in any medium 
to which they are exposed 

Corrosion tests in water have shown that low 
manganese steels in the as-rolled condition corrode 
at substantially the same rate as the normal man 
ganese steels. The manganese content of the corro 
sion product is, however, substantially lower 
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Table 1X. Elevated Temperature Tension Test Results for 
Low Manganese Steels 
Test 
Tempers Tensile Reduction 
ture Strength Klengation, of 
Heat Net rv Pei 2in., Pet Area, Pet 

RM-1031 Room 87,400° 15.5° 47.5° 
250 43,080 20 50.5 

400 43,260 20 6.1 

{ 00 42 B80 20.5 61.6 
‘ 600 81,580 24 59.2 
700 73,600 31.5 6.9 
| 800 62500 29 73.5 
, 1100 16,400 26 78.1 
Root 89 450° i7° 42° 
‘ 250 81,000 21.5 546.3 
400 81,580 205 56.2 

500 81,250 23.5 55.6 

600 79,500 25 

700 72,300 28.5 17.8 

62,000 6.5 772 

1100 $5,000 25.5 76.0 

1300 22,700 4) 86.1 

RH.-1060 Room 83,150 24 705 

250 78,B50 21.5 67.1 

82,600 20.5 672 

wo 42,4460 21 5a9 

600 80,040 “42 

700 70,700 32.5 65.3 

800 41,500 32.5 76.5 

1100 44,800 27.5 665 

1900 24.400 75.0 

59,900 ‘1 77.7 

r 250 48.690 29 735 
400 4,150 27.5 709 

ww 46.900 27 75.3 

44,150 25 70.3 

700 41.9000 24.5 

800 40,400 24.5 75.0 

1100 0,700 25.5 71.4 

1900 19,400 265 42.4 

*8 in. gage; all others, 2 in 
Heat treatment: as rolled 
Data on scaling, creep, and graphitization at high 
temperatures are not available for the low man- 
} ganese steels. There is reason to expect they will 
prove equal or superior to those for grades with 
, normal manganese levels. Manganese, along with 
aluminum, has been reported to lower resistance to 
creep and graphitization, while carbide formers 
such as titanium increase resistance 

The effect of hydrogen on mechanical properties 
of the low manganese steels at elevated tempera- 
tures and pressures has not been evaluated. Ordi- 
nary carbon steels may be severely damaged by 
such exposure; strong carbide-forming elements in 
the steel will prevent or lessen its severity. Titanium 
is considered one of the most effective” ‘ 

Both titanium and zirconium have a strong affinity 
for sulfur. Their presence, together with the low 
manganese content, may make low manganese steels 
resistant to liquid metal attack under conditions 
which would decarburize or desulfurize standard 

{ carbon steels. Also, the deleterious effect of sulfur 
' 
on welding characteristics may be minimized 
Titanium and zirconium combine readily with 
3 nitrogen; their presence in low manganese steels 


may prove of value in applications where gas-metal 
reactions at high temperature are important 


Summary 

Experimental carbon steels made with no man- 
yganese addition and residual manganese contents 
of the order of 0.10 to 0.15 pet have been made by 
standard open hearth practice and rolled with com- 


Table X. Hot Tensile Test Data for Low Manganese Steels 


Tensile Strength, Psi 


Change, 
Identity Room Temperature yok Pai 
A2i12B 71,350 75,240 1,890 
RH-1031 87 400 82 880 4,520 
KH-1032 89,450 #1,250 8,200 
A242 71,400 69,150 2,250 
RH-1050 83,150 82,460 750 
RH-1051 59,850 47,840 12,010 


mercial equipment and procedures into plate and 
seamless pipe. These products when tested by ASTM 
methods met the mechanical property requirements 
for comparable grades with normal manganese con- 
tents 

Elevated temperature tensile data show the low 
manganese steels to be free from strain aging and 
stronger and more ductile at elevated temperatures 
than comparable standard grades Weldability of 
teels is equal to or better than 
tandard grades 


the low manganese 
that of comparable 
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M**. investigations have been made of the re- 
sidual gas content of iron and steel. Very few, 
if any, quantitative measurements have been made 
on the oxygen content of cupola-melted iron.’ The 
fact that cast iron is a complex alloy rather than 
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Oxygen Content, per cent 
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Carbon content, per cent Carbon Equivalent, per cent 


Fig. 1—Relation of oxygen content of cast iron to its carbon content, carbon equivalent, and silicon content. Hollow and solid 


symbols refer to two series of heats made at different times according to the cupola practices given in Table | 


a simple binary alloy, and is melted under the 2.10 pet Si. Cupola slag and metal samples were 
dynamic conditions attendant to cupola operation taken simultaneously from five to seven taps spaced 
makes it worthwhile to determine what the oxygen through each heat. The metal specimens for vacuum 
content of cast iron would be under both oxidizing fusion analyses were poured in split steel molds that 
and normal melting practice and how close the produced a clean pin, % in. in diam and 2 in, long 
value follow the equilibrium values calculated All collected slags were typical of commercial slags 
from the deoxidation constant for the Si-O reaction used in acid cupolas 

Vacuum fusion oxygen values are presented for Acceptance of steel deoxidation theory leads to 
cast iron melted in the Battelle 10 in. diam cupola the following conclusions regarding the oxygen con 
under normal operating practice and under the tent of cast irons of the type involved in this inves 
oxidizing conditions described in Table I. The nom- tigation 
inal composition of the iron at the spout was that 1) The oxygen content of the iron can be ex 
of a typical automotive grade, about 3.20 pet C and pected to be low, probably about 0.002 to 0,003 pet 


Table |. Relation of Oxygen in Metal and Slag for Cast Irons Melted in Small Cupola under Different Operating 


Conditions 


Metal Analysis, Pet by Weight 


st ce 


2.12 105 0.0017 0 00024 0 008 147 
0 126 204 194 0 0037 0 00038 0012 ano 
17 201 192 0 0020 0 00018 0 007 7748 
21 +34 1.92 0.001 00020 0.007 11.30 
Average 127 2.04 4 5 0 0022 6 00025 0 000 4.76 
1506-2F $23 2.28 0.0012 00011 0.007 +67 
9 +21 229 +97 0 001 0.00018 0.007 4.74 
17 14 2.23 408 00017 0 OOO18 0.010 417 
21 212 403 0 0021 0 0011 475 
Averane 12a 223 402 0 0 00014 0.008 408 
18 2.08 0 002% 0 00034 6 007 429 
417 203 185 0 OO18 0 00053 0 008 
4.16 207 1AS 0 0 0.007 5 
17 2.06 0021 0 00027 0006 
1.28 190 3.91 Of 0 00026 0 007 0 05 
Ave ‘ 420 2.03 1 0 0022 0 00045 007 “04 
1506-4 1.07 2.13 +78 0 0028 0 00025 0 007 
" 109 2.14 +80 0 0020 0 00020 0 008 11.50 
13 2.15 180 9 0016 0.00046 0 10.00 
17 4.15 224 4.90 0 0029 0 00015 0.007 
21 4.27 206 306 0 0016 6 00026 0.009 10. 50 
Average 4.13 2.14 184A 0022 06 00026 0 1007 
1506 " 134 1.40 3.81 6 0021 0 00022 0 008 11.50 
1.30 1.30 4.73 0 0 00090 0 007 16.40 
16 139 0021 00029 006 13.80 
19 as 1.48 $92 0001 0 00018 0.008 14.70 
Average 1.37 1 40 182 0 0026 0 00025 0 007 14.00 
9 124 153 1.75 0 002 0 00009 0 009 11.70 
4.21 1.33 1.65 0 0021 00097 0.014 10 
16 +39 1.32 0 002 0 00016 0 007 8.35 
19 1.35 1.32 +79 0.0019 00022 0 000 957 
Average 1.41 +78 0 002 0 00021 0.009 
109 1.74 9.0049 0 00051 0.007 8.734 
4 2 98 1.72 +55 0 00020 0 
0 106 1 BO 1646 0.000857 0 004 
Ave ge 104 145 0 0 00056 0 006 
1507-7F 20 139 2.19 4.12 9 0025 0 GO020 0.007 2.60 
2! 2 220 104 00022 Hoi 2.50 
24 14 222 4.08 00023 0.008 462 
Average 12 221 4.05 0 0027 0 00022 0.000 +27 
07 -OF 6 Of 2.28 4.62 0 0024 00021 0.007 4.07 
2.32 188 0 Of 0 W023 0 008 +70 
226 0022 00014 1007 
2.33 197 0015 6 6.007 5.30 
248 195 90014 0 00018 0.007 4 
233 a0 0 001 000180 0 OOF 4“ 


conditions in 10 in. diam cupola Heats 3F and 4 ow tapt g temperature and high degree of oxi 
blast temperature and increased blast volume Heats 5 and 6F greater degree f xidatior use of lightweight, rust 


7F increased blast rate on low bed height Heat OF € cled scrap used under t il operation 
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Fig. 2-—Relation of FeO in the slag to oxygen content of the 
tron 


2) An increase in the silicon content of the iron 
by as much as 1 pet Si can be expected to have little 
effect upon the oxygen content of the iron 

4) A change in the operating temperature of the 
cupola, within commercial limits, can be expected 
to have little effect upon the oxygen content of the 
iron 

Individual vacuum-fusion results for oxygen, 
hydrogen, and nitrogen for each sample analyzed in 
this investigation are given in Table I. The results 


of cupola heats and vacuum-fusion analyses for 
oxygen agreed with deoxidation theory as follows 
1) With the exception of Heat 1506-7, the average 
amount of oxygen found in irons melted in this in- 
vestigation was about 0.002 pct 

2) Changes in the silicon content of the iron 
from 1.32 to 2.35 pct had no consistent effect on the 
oxygen content of the iron. This is shown in Fig. 1 
Also, the oxygen content of the iron had no detect- 
able relationship to either a) the carbon content of 
the iron, within a range of 2.98 to 3.43 pct, or b) the 
carbon equivalent of the iron, within a range of 3 
to 4.12 pet, as shown in Fig. 1 

3) Within a range of tapping temperatures frv.. 
2650° to 2800°F, there was little change in the 
average oxygen content of the iron 

The data in Fig. 2 show, for the limited range of 
oxygen contents, that FeO contents in the slag had 
a wide range, from about 3 to 15 pct. Also, the re- 
duction of FeO in the slag is not accompanied by 
iny marked reduction in the oxygen content of the 
ron, and there is no consistent relationship between 
the FeO content of the slag and the oxygen di 
olved in the iron. This means that the partition 
factor in cupola-melted iron does not vary in a 


ignificant way under the conditions of the data 


Reference 
E A. Loria and H. W. Lownie, Jr The Residual Oxygen Cor 
tent of Cupola-Melted Gray Cast Iron. ASM Trans, 1954, vol. 46 


Gas Content of Solid Aluminum by Solid 


Extraction and Vacuum Fusion 


The determination of hydrogen in aluminum by two methods, solid extraction and 
vacuum fusion, and the preparation of suitable samples are described. Analyses of 
similar aluminum specimens by the two methods agree. In addition, results by solid 
extraction agree with those obtained on duplicate samples exchanged with the Research 


Laboratories of the British Aluminium Co 


Little additional hydrogen is evolved in the 


vacuum fusion of a sample already degassed by a solid extraction 


by James L. Brandt and C. Norman Cochran 


LTHOUGH gas in aluminum and its effect on 

aluminum products have been the subject of a 
number of papers, not many quantitative determi 
nations of the hydrogen content of solid aluminum 
and its alloys have been recorded in the literature 
For solid aluminum samples, four investigators have 
reported hydrogen contents which appear reason- 
able compared with the hydrogen solubility of 0.7 
ml per 100 g, STP, in molten aluminum at 660°C 
established by Ransley and Neufeld’ and verified by 
Opie and Grant’ and Ransley and Talbot.” Sloman,’ 


J. L. BRANDT and C. N. COCHRAN are associated with Physical 
Chemistry Div, Aluminum Co. of America, New Kensington, Pa 

TP 4289D. Manuscript, Dec. 6, 1954 Chicago Meeting, Feb 
ruary 1955 
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who used a vacuum fusion procedure, reported the 
hydrogen content of some high purity aluminum as 
0.66 ml per 100 g, STP. Griffith and Mallett,” employ- 
ing the tin fusion method, reported the internal hy- 
drogen content of six different aluminum alloys as 
ranging from less than 0.1 ml per 100 g, STP, for 
1100 alloy to 0.7 ml per 100 g, STP, for 4043 alloy 
(previously 43S, a 5 pet Si alloy). Eborall and 


‘ 


Ransley using a solid extraction of the gast u 
600°C, reported hydrogen contents ranging from 
0.1 ml per 100 g, STP, to 1 ml! per 100 g, STP 
Ransley and Talbot reported that several thousand 
analyses on 99.2 pct and higher purity aluminum as 
well as Duralumin type alloys indicated hydrogen 
contents ranging from 0.1 ml per 100 g, STP, to 0.5 
ml per 100 g, STP 


TRANSACTIONS AIME 


— 
| 
p. 409 
4a 
} 
j 
. 


In a recent article, Kostron’ reviewed the physical 
and chemical methods used in the laboratory for de- 
termining the gas content of light metals, and stated 
that the most accurate and reproducible results are 
obtained by hot extraction in a vacuum. Although 
other investigators have indicated good reproduci- 
bility by either hot extraction or vacuum fusion, no 
investigator has used both methods to determine the 
hydrogen content of aluminum. The apparatus and 
procedures for determining hydrogen content of solid 
aluminum by solid extraction at 550° to 600°C and 
vacuum fusion in a tin bath will be described 


Apparatus 

Extraction Assembly—For solid extraction the 
ample is heated to approximately 50 Centigrade 
degrees below its melting point in a Vycor extrac- 
tion tube which is connected to the analytical portion 
of the system 

In the vacuum fusion apparatus, the melting as- 
sembly consists of a graphite crucible insulated 
from an outer quartz envelope by boron nitride 
powder. Into this crucible a second graphite crucible, 
in which the melting of the samples takes place, 1s 
fitted. Samples are guided into this melting crucible 
by means of a graphite funnel. A Lepel 7.5 kw high 
frequency induction furnace is employed to heat the 
assembly 

Analytical Assembly Joth systems have essen- 
tially the same analytical arrangement shown sche- 
matically in Fig. 1. Gases extracted from the sample 

e led to the analytical manifold through a cold 
rap, stopcock, and mercury diffusion pump. This 
manifold is evacuated through a large bore mercury 
seal stopcock (hereafter called the main stopcock) 
by a second mercury diffusion pump backed by a 
mechanical pump. Mercury cutoffs in both systems 
make it possible to isolate the analytical portion of 
the system. Beyond the cutoff, condensable vapors 
may be removed by a cold trap. A McLeod gage i 
sealed into the manifold for pressure measurements 
An arm leads from the manifold to a bulb in which 
a palladium tube is sealed. This bulb is heated to 
between 300° and 400°C by an external furnace, at 
which temperature hydrogen in the gas diffuse 
through the palladium tube and is collected by the 
third mercury diffusion pump. A line leads from 
this pump through the analysis stopcock back into 
the manifold 

In operation, the gas is collected, the cutoff raised, 
and the pressure read. The analysis stopcock k 
closed, and the hydrogen is allowed to diffuse 
through the palladium tube. The fraction of hydro- 
gen collected is determined from the pressure with 
the analysis stopcock open minus the equilibrium 
pressure with the analysis stopcock closed. The vol- 
ume of the gas from the sample is the total gas col- 
lected minus a correction for outgassing of the sys- 
tem. This correction is the product of the time the 
gas is collected and the rate for outgassing estab- 
lished at the beginning of each run 

Known amount of hydrogen diffused rapidly 
through the palladium when the tube was new 
Continued operation at temperatures above 450°C 
increased the time for hydrogen analysis from 10 o1 
15 min to 2 or 3 hr. The palladium tube could be re- 
generated in place, however, by the method de- 
scribed by Lombard, Eichner, and Albert.” This in- 
volved heating the palladium tube in air at 500°C 
for 1 hr, followed by reduction in hydrogen for 1 hr 
at 150°C. Continued operation at 300° to 400°C after 
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Fig. 1—Schematic diagram of solid extraction of vacuum 
fusion apparatus 


regeneration caused no additional poisoning of the 
tube. Hydrogen analyses are performed in 20 min 


Procedure 

Solid Extraction Apparatus——-The Vycor or quartz 
extraction tube in the solid extraction apparatus bk 
outgassed overnight at 850° to 900°C, The tempera 
ture is lowered to between 550° and 575°C, and the 
blank for the system established. The sample 1} 
pushed into the hot zone by means of a glass ram 
into which a soft iron piece has been sealed so that 
this may be operated with external magnet Gas is 
collected until the rate of collection declines to the 
blank value established at the beginning of each run 
The gas is analyzed for hydrogen, after which the 
system is evacuated in preparation for the next run 

Vacuum Fusion Apparatus. The melting assem- 
bly is heated at a temperature of 1800" to 2000 < 
for a few hours, and the temperature is lowered to 
650°C. The tin samples are pushed into the hot zone 
to form a heel for the aluminum samples and, after 
a few minutes, the main stopcock is closed, After es- 
tablishing the blank correction, the sample is 
dropped into the hot zone Melting and gas evolu 
tion are completed in 10 to 12 min, after which the 
hydrogen analysis is performed 


Sample Preparation 

Surface Control—One of the most difficult prob- 
lems in determining the true internal hydrogen con- 
tent of aluminum samples is control of the surface 
ga Early experiments of filing samples in a dry 
box always led to hydrogen values 5 to 10 times the 
true internal hydrogen content. With dry machin 
ing and subsequent degreasing in CP benzene," the 


* Thi ethod of preparation was suggested by Dre. Smithells 
nd Kanal Research Laboratorte British Aluminium Co 


urface gas is reduced to low values which do not 
mask out the true internal hydrogen content of an 
aluminum sample 

Surface Gas Correction—-The surface gas correc- 
tion was determined on several cylinders degassed 
in the solid extraction apparatus, The procedure in- 
volved facing off the ends and machining 0.015 in 
from a cylinder immediately after it had been ana 
lyzed, followed by tandard benzene degreasing 
These samples were loaded in the solid extraction 
apparatus and analyzed for hydrogen, with the a 
umption that any gas evolved would be hydrogen 
from the surface. With improvements in technique 
the irface gas correction was lowered to the value 
of 3.5x10° ml per cm’. For a cylinder % in. diam 
and 1% in. long, the surface gas correction is 0.04 
ml H per 100 g, STP, i.e., approximately 15 pet of 
the tota! hydrogen found in sample of low ga 
content 

Results 

Table I summarizes the results obtained by solid 

extraction and vacuum fusion on electrical conduc- 
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tivity grade rod (99.45 pet minimum aluminum con- Discussion 
tent) and 1175 alloy (99.75 pet minimum aluminum ) Using a diffusivity’ for hydrogen in aluminum at 
gassed and degassed by various technique 50°C of 1.6x10° cm’ per sec, a cylinder » In. Giar 
In addition to samples run in the Aluminum Co hould have 99 pct of the hydrogen removed in 65 
of America Laboratories by the two different meth- min. Since the sample must be heated in vacuum 
ods, a section of the electrical conductivity standard from room temperature to the extraction tempera- 
rod was analyzed in England under the direction of ture and the natural oxide film ma low down dif- 
i - Ran ley, of the British Al iminium Co Hi re- fusion omewhat. 3 hr or longer i ised in actual 
ults on this rod showed the hydrogen content to be practice for gas determination 
about 0.20 ml H pe 100 g. STP. in comparison with To test the effectivene of olid extraction. a re- 
values of 0.26 ml and 0.31 ml H per 100 g, STP, by istance furnace was placed around the sample arm 
the two methods in the Aluminum Co. of America in the vacuum fusion apparatu © that sample 
Laboratoric could be degassed by the solid extraction procedure 


— and melted without the nece ity of breaking vat 
Table || Summary of Hydrogen Analyses on Aluminum Specimens uum between runs. In these experiment the speci 
mens of 1175 aluminum, which had been gassed with 
Average either steam or ammonia, were placed in the sample 
‘ Nydro- Standard arm and degassed 6 hr at 500 C. (The hydrogen con- 
gen Con- Devia 
No of tent, MI tien, MI tent of these specimens i hown in Table I to be 
Gare 6 about 1 ml per 100 g, STP). Four specimens degassed 
in this manner showed residual hydrogen content 
Klectrical conduc of 0.02 ml per 100 g, 0.04 ml per 100 g, 0.04 ml per 
ABS 100 g, and 0.05 ml per 100 g on fusion. This is a 
tivity rod Vacuum fusior 0.31 0.08 convincing demonstration of the effectivens 
175° 0.26 olid extraction for aluminum sample 
175 Vacuum fusion Conclusions 
1) With properly prepared specimen repro- 
ducible hydrogen contents of aluminum alloy sam 
Spe ples can be secured by either solid extraction or 
} Specimen was gassed with steam vacuum fusion 
. 2) Exchange of samples with the Research Lab 
Sariples prepared at the Research Laboratories, oratories, British Aluminium Co., gives additional 
Britith Aluminium Co., were analyzed with the ob evidence for the reproducibility of the result 
jective of checking the authors’ solid extraction 3) Because of the rapidity with which analyse 
procedure and sample preparation. Half of these can be obtained, vacuum fusion has a decided ad 
British Aluminium Co. samples were machined dry vantage over solid extraction 
and degreased in benzene in England and sealed in 
evacuated gla vials, and the other half were pre References — _ 
pared in the Aluminum Co. of America Laboratories 14 
For the two samples prepared in England, hydrogen RK, —y 
contents in the Aluminum Co. of America Labora- CE. Rans! und D. E. J. Talbot: Zt f Met le, 195 
tories were 0.27 and 0.25 ml H per 100 g, STP. in ‘HA Sion in: Journal Inst. of Met 1945 71, p. 39 
on similar specimens of 0.27 ml H per 100 g, STP R. Eborall ind C. E. Ransle J Inst. of Met 945 
For the samples machined and degreased in the Al "1. Kostron: Metall, 1953 6. 
uminum Co. of America Laboratori« the hydrogen ol. 
contents were 0.24 and 0.28 ml per 100 g, STP, still 
in good agreement with the results obtained at the Than 
Research Laboratori sritish Aluminium Co Metats, October 1957 


Method for Spectrochemical Determination 


Of Aluminum in Fe-Al Alloys 


by Edward F. Runge and Ford R. Bryan 


ECAUSE of the need for ductile heat resistant minum form solid solutions up to approximately 35 


alloys of non-strategic composition, there ha pet Al. Alloys in the 8 to 12 pet Al range are o 
been metallurgical development of Fe-Al alloy characterized by excellent oxidation re tance, hig 
possessing improved ductility and hot strength, to electrical resistivity’ and, when appropriately al 
gether with high oxidation resistance. Iron and alu loyed, have creep rupture trength equivalent t 
that of the austenitic staink ter At highe 
E. F. RUNGE and F. R. BRYAN are with the Scientific Laboratory, aluminum levels, the magnetic properti are of 
Ford Motor Co., Dearborn, Mich considerable interest. Nachman and Buehl har 
TP 4356C. Manuscript, Jan. 17, 1956. New Orleans Meeting, recently reported on the desirable magnetic chara 
February 1957 teristics of the 16 pct alloy 
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| 
fe f these alloy | 
iture for the 150 
= 
) 
~ 
nter and ~~~ a 
: photographic emulsion is calibrated by mean of a 
et of standard iron arc lines for which relative 
nten the nave previou | mined The Phi 
y concentration of aluminum is read from an ana trum , 
lytical curve prepared fron tandard ample of the cS = 
which relates the lo ntensit atio of the line pau ne 
to the log of the aluminum concentration in 
ee Equipment used i the method described below 
and is commercia avallable trom variou instru 
ment Ippiliel Excitation ola hign 
voltage condensed ac spark unit. The discharge 
circuit cor ts of the usual transformer, inductol! 
Kilia! all wap by | 
rye can be varied 
Bausch and Lomb 
ana covering the chemicall fi 


for each emulsion lot No.) is effected by separate 


Table |. Emulsion Calibration Lines tepped exposures of an iron are spectrum. These 
exposures provide a group of lines of known rela 
Wavelength, A Kelative Intensity tive intensities’ which are plotted against thei 
corresponding transmission values to produce the 
tt soe characteristic Hurter and Driffield curve. The lines, 
17.0 1.345 together with their assigned relative intensities, are 
i 4 1.225 
160.6 1 428 presented in Table I 
Any conventional photographic processing pro 
1315.0 1.796 cedure is appropriate. The condition ted below 
1230 9 1.400 
259.4 1.955 were used for convenience in this work, although 


much faster processing can be accomplished, if 


necessary, by employing Eastman D-8 develope: 
together with shorter washing and drying time 
emulsion, Eastman Spectrum Analysis No. 1 plat 


Table Ii. Coefficient of Variation’ 


re Pet 
Ne 1 te Fess AS Log I/I Petal d development, Eastman D-19 deve loper agitated for 
3 min at 68°F; stop bath, dilute acetic acid for 30 
60 6 62.0 los 10.90 0.31 ec; fixing, Eastman Rapid Liquid Fixer for 1 min 
2 60.0 63.0 1.97 10.70 oll washing, running tap water for 3 to 5 min, followed 
63.0 65.5 197 10.70 oll by distilled water rinse; and drying, warm air blast 
for 3% min 
) 65.0 605 106 10.54 0.05 
6 090 72.0 1.97 10.70 O11 Spectral line transmittance measurement are 
4 10.0 75.0 1 O06 10.54 0.05 made on the projection-type microphotometer for 
10.54 0.66 the analytical line Al 3082.2A and the internal 
” 70.0 75.0 1 10.54 0.05 aane 
10 710 16.0 i 96 10.54 0.05 standard line Fe 3075.7A, These two lines are iden 
ii 13.0 76.0 1 06 10.54 0.05 tified in the spectra shown in Fig. 1. Exposure con 
ae 19.0 16.5 1.96 10.54 0.05 ditions are selected to provide transmittance mea 
pd oan — 10.54 0.06 urements between 20 and 80 pet The transmit 
40 76.5 1 10.54 0 06 
15 15.0 19.5 i oe 10.54 0.05 tances of the analytical and the internal standard 
16 15.0 80.0 io 10.54 0.05 lines are converted to log intensity ratios by mean 
ne 15.0 69.0 1.96 10.54 0.05 of the emulsion calibration curve Carrying thi 
procedure through for the standard materials serve 
77.0 Bit 196 10 54 0.05 , 
20 76.0 82 © i 96 10.54 0.08 to establish an analytical curve, Fig. 2, relating log 
eer. - phic concentration avg + aed intensity ratio to log concentration for the pair of 
wemical concentration avg 10.54 om 
lines. The corresponding log intensity ratios from 
°F the spectra of unknown samples are converted into 
rom the equation 
100 d 0.03 pct known concentrations by referring to the analytical 
{3 
\ curve 
where © equals concentration; d equals deviation from the mean fhe repeatability of determinations made on a 
number of determinations and im the coefficient of 
ariation ingle sample exposed under identical condition 
provides a measure of precision. The coefficient of 
variation obtained in this manner on a sample mid 
procedure employed in analyzing the spectroscopic way in the concentration range proved to be 0.9 pet 
tandard is the cyanide-oxine method and requires of the amount of aluminum present. Table II illu 
3 to 4 hr for a determination, which far exceeds the trates individual determinations from which devia 
lume available for production control, but is suit- tions were calculated. The value hown agree 
able for occasional standardization favorably with repeatability data on other element 
A representative sample for pectrographic anal- analyzed in similar fashion and occurring in allo 
ysis is prepared by machining the metal into a rod in like concentrations. Deviations were more than 
of a few inches length and 5.0 mm diam. The rod is double those shown when the nitrogen jet wa 
further prepared for analysis by grinding a conical omitted from the procedure 
point of 140° included angle on one end. The elec- The accuracy of the method can be established 
trode system consists of two rods, the sample rod by comparison of the spectrographic results with 
and a rod of pure iron having the same diamete1 results obtained by other methods of analysis. When 
and conical tip. The rods are placed in pring cross checking against hydrostatic density, electrical 
clamps and spaced to a gap of 2mm, A cylinder of resistivity, and chemical result pectrographi 
compressed nitrogen is used to produce a jet of inert values should agree within +0.10 to 0.15 pet Al in 
gas, Which is directed between the electrodes and the 8.0 to 16.0 pet concentration range 
onto the electrode tips at a flow rate of 20 cu ft 
per hi References 
Excitation parameters of the spark discharge cir- C. Sykes and J. W. Bampfyide: The Physical Propertis f lrov 
minum ourna ron and Stee« natitute 1935 130 
cuit are as follows: peak secondary voltage, 14,000 Aluminum Alloys. J wan ame Gees | 
Vv; capacitance, 0.007 microfarads; inductance, 10 Ductile | Alumul 
etal Progress 955 ‘ 6 N Pr 26-12 
microhenries; resistance, 2.0 ohms; average second- ‘J. F. Nachman and W. J. Beuhler: Sixteen Percent A 
. on Alloy Cold Rolled in the roe I orde Range 
ary current, 8.5 amp; auxiliary gap, 3.6 mm; and Anuued Physic, 1984, vol. 25, pp. 307.313 
No. of discharges per sec, 360. Spectrograph set- *F. Hurter $V. C. Driffield: Jow S f I 
7 tr London, 1890, vol. 9, p. 455 
tings and exposure conditions are as follows spec- °G. H. Dieke: Study of Standard Methods f Spectrograpt 
Analy Ww. -roduction Board Report N« Ww M h 
tral region, 2680 to 3950A; entrance slit width, 20 ar Productior 
#; entrance slit length, 3 mm; prespark period, 20 : 
P Discussion of this paper sent (2 copi« to AIME |} M l , 
sec; and exposure period, 25 sec will appear in AIME Transactions Vol. 209, 1957, and in Journat or 
ctobe 57 
Calibration of the emulsion (normally only once fevasa, October 196 
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Surprises in Store at Annual Meeting 


Highlighting the ocial program The International and Grand Ball 
planned for the Annual Meeting in rooms of the Roosevelt Hotel will 
Orieans is the Informal Dance accommodate the 1600 guests attend 
ail aboard the S.S ing the Annual Banquet on Wedne 
Tuesday February 26 day, February 27 at 7 pm. Prior to 
cheduled for mid- dinner, a reception will be held in 
feature a comic magician the Wildcatter Room for Head Table 
ging duo and a dance team guest During the banquet, back 
to accordian and guitar ground music will be played by the 
in eight-piece orchestra will Jert Peck String Ensemble, with en 
provi dance music for the guest tertainment beginning at midnight 
Soft drinks and beer will be old “For men only the dinnet 
The traditional Welcoming Lunch- moker at the Roosevelt on Monday 
et for 12 noon, February 25 February 25, at 7:30 pm, will feature 
} International Room of the ‘excellent stag entertainment 
velt. After an addre by the T S k M | Di 
peaker, awards will be pre oO pea at eta s inner 
nted to winne of local ection Clayton Rand, editor of The Dime 
embership and student prize paper Guide and owner of the Dixie Pre 
ontests. Souvenirs will be furnished at Gulfport, Mi vill addre the 
the Freeport Sulphur Co Metals Branch dinner during the 


1957 ANNUAL MEETING 


METALS BRANCH SOCIAL FUNCTIONS 
SUNDAY, FEBRUARY 24 


Mineral Industry Education Division Dinner 


MONDAY, FEBRUARY 25 


12:00 Noon Welcoming Luncheon 
600PM Cocktail Party 
730PM Dinner Smoker, Stag Dinner and Entertainment 


TUESDAY, FEBRUARY 26 


Metals Branch Social Hour and Dinner 
600 PM Social Hour 
700 PM Dinner 

Speaker, Clayton Rand, Editor, The Dixie Guide 


1000 PmMto2AM Informal Dance aboard S. S. President 


WEDNESDAY, FEBRUARY 27 


1215 PM Extractive Metallurgy Div. Luncheon 
700 PM Annual Banquet and President's Reception 


THURSDAY, FEBRUARY 28 


Powder Metallurgy Luncheon 


Meeting in New 
dinner cheduled to 
No. 1, Hotel Jung 
February 26 

vell known a u pop 
ma after-dinnet 

one of the most arti 
the country. He ha 
dynamic, hurmorou 
Wisconsin, he vii 
red in ississippt and worked hi 
Va throupl Mi i ippl State Col 
ley i i peanut endor and through 
Harvard Law School by elling cook 
ng utensil In addition to practl 
ing iw, he bought a country weekl 
paper in 1919 and has owned 

newspaper is past pre 
issippi State Pre Assn 

Editorial Assn 


Will Address Electric 
Furnace Steel Meeting 
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AS. 
Sea R JOHNSON 
Johnsor ice president 
charge f operation Republi 
ool p iddre the Electric 
Furnace teel Conference at the inh 
n December 6 in’ the 
M ‘ Hote Chicago. Mr. Johr 
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Machine wd C. Logeli vier 
Vill toe 
M Johnson, a native of Chicage 
ppoint ‘ j ‘ pre Aan? 
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urgyu Serv 
The price for AIME member! 
$2.50. 
At tr minu ‘ or | j i 
iwf i Cha of the 
Board of Th pson Produc Ine 
ive a iddre entitled, Geometriu 
Progress Yardstick of the Future 
The Py ( tte inde 
the Cha inship of M. E. Ni 
or che ‘ te eparate sé or 
for mn ‘ f research and se 
nat particular toy Ir 
’ re than 70 pape ‘ read ul 
the IMD iar ed itself t 
i | if | I ip cr 
hon more than a litth ¢ ! 
The men who worked behind the scenes are ng out the goal f the AIME The cocktail party before the annual dinner 
shown above, from left to right: C. S. Barrett, Powder Metallurgy Luncheon attorded the opportunity for renewing old 
IMD Chairman, R. W. Shearman, IMD Sec Carl J. Johnson of Presmet Corp friendships. Shown above are A. B. Kinzel, 


AIME President-Elect for 1958: and C. E 


retary; and F. C Crawford, quest speaker at 
Reistle, Jr, current President 


the annual dinner 


chairman of the AIME Powder Met 


illurgy Commuttes yreeted the 65 

The Carter Hotel in Cleveland wa luncheon guest it the Carter Hotel der metallurgy ubject matter the 
the scene of this year's highly suc Cleveland, Wednesday, October 10 place for powder metallurs course 
cessful Fall meeting of the AIME In during the National Metal Exposi in the curriculun ind the necessity 
titute of Metals Division. Total reg tion The luncheon, a emi-annual for providing eparate powder met 
istration was reported at 846. Held gathering of powder metallurgist allurgy course He pointed out a 
October 4.10 1956 coincidentally featured informal talks by E. ¢ Nel eriou hortcoming 1 lack of in 
with the National Metal Congre on, Dept. of Metallurg Rensselaer formation on the principles of desigr 
nd EF xposition, it was estimated that Polytechnic Institute, and J. L. Bon n powder metallurs ind present 
more than 5.000) men fron all anno, The Lione Corp Dr. Nelson ed a typical course outline and i 
branche of the metal industry ubject: wa Education n Powder listing of college offering under 
vere in Cleveland for various meet Metallurgy in American College graduate ind graduate course 
ings and to attend the show ind Mr. Bonanno spoke on Standard powder metallurgy 

Highlight of the technical session ization in Powder Metallurgy Today Mr. Bonanno described the early 
vas the Fifth Annual Symposium on Dr. Nelson emphasized three ma industry effort it standardization 
Titaniun An overflow audience jor considerations in teaching pov traced the beginnu of the Metal 


crowded into the Grand Ballroom of 
the Carter Hotel to hear talk and 
discussions on the economic of pro 
duction and fabrication of titanium 


morning ‘ ion and an 
equally large audience was present 
at the afternoon se« on, which wa 


devoted to analytical development 
ind the control of interstitial For 
those vho were unable to attend 
the symposium, the January issue of 
the JOURNAL OF METALS will contain 
the complete proceedings, including 
ill talk ind discussion by the 
panel member 

Two other yimposiun were on 
the program, one on magnetism and 


the other on nuclear metallurgy. The 


papers presented on nuclear metal 
lurgy have been printed and are Ernest Kirkendall, AIME Secretary, enjoys a pleasant moment with R. F. Hehemann. 
available from the AIME as Volume Chairman of the Cleveland Section, and W. R. Hibbard, Jr, Vice Chairman of IMD 


Powder Assn., now pe 
clude Electronic 


Committers the ta 


th f ASTM B-9, of 

urrent chairmagr 

ibcor il 

penal pe etal 

cat He alle i 

tanda stior 

tal hment In 

Bonanno stated that t 

not been | t t 

cl il p it pe 

that the pr pai t i 
Shown just before the annual dinner of the IMD are, left to ght C S. Barrett, IMD ation at present is the collec 
Chairman, C. E. Reistle, Jr, AIME President, John Chipman, SD Chairman, A O llating of data rathe 
Schaefer, ASM President, and W. R. Hibbard, Jr, Vice Chairman of IMD taking new standard 
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Successful IMD Fall Meeting in Cleveland : 
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Record Turnout For NOHC Chairmen for the afternoon tech- — Annual Fall Meeting of 
Eastern Section Meeting em Steel Co., and . NOHC Buffalo Section 


291 registr: om na >. . | Corp rhe Seventh Annual Fall Meeting 
f r? vs! nnel Section National 
' Hearth Steel Committee was 
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ind once again proved 

otal registra 

of which about 

int trip through the 

« of General Motor 
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technical ‘ ion 
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‘ ion used ex 
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technique 

part that open hearth play 
. uality Vii the ubject of 
Alan Wood Steel C 


ind Richard Stan G. S. Baldwin. B Vvin-Lin n findson, assistant chief metallurgist 


iain, on attacked the problem from 
heon in the Mir retat Also contril ng to the st , ingle vith striking illustra 
vick, the after ff the Octob n ting ‘ ion howing ome defect at the 
as opened with ; Jenni Steel ingot stape ind then the resulting 
{utomatic Fuel Con ing ton i imperfections in finished strip 
ented by Donald R ( ral ‘ A more than lively discussion re 
Wood Steel Co. M rman of from the third talk vhich 
now a yster ommi : the ibject of extra high 
utilize exce 1K Corristor ‘ orson, J. « firing te for maximum produe 
open hei " Edmistor ind L J ark tior Presented by J. D. Sloane, a 


Successful Globetrotters tant melting foreman, Steel Co. of 


the ubject Ni obviously 


Fall Meeting in Colorado I j it interest. a Stelceo ha 
iting with the high 
in an open 


The NOHC ~oOuthwestern Section 
The het 


ful Fal rice it the Broad: 


ter held a sucee 


ind Canadian flag 

peake! platform at 

Dinner gave the meet 

international flavor 

the evening vas C, F 
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Pittsburgh Mighty Mite, tracing it 
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paper Author Ley 
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party and fellowship dinner 
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ing The vere 
vith luncheon and a tour 


in and around ¢ 
meeting 
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techni 
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vas installed t 
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Pursuant to Article X of the by 
AIME, the following in 


fort tion hereby given as to tne 


nditions, price and terms unde! 
hich the variou classe of men 


Student Associate evel 


publications of the Institute dur 


Publications authorized for issue 
1957 include the following: MIN 
1G ENGINEERING, published monthly 

containing material neluding tect 

nical paper of interest to those er 
aged in exploration, mining geol 
uy ind metal nonine 
taliue ind coal mining and beneficia 
tior ind fuel technology. The Jour 

of Merai published month! 


containing material, including tech 


cal papel of interest to those en 
wed in nonferrou melting ind 
refining iron anda tee! production 
ind pl ical metallurgy. The 


AL OF PeTROLEUM TECHNOLOGY, pub 
lished monthly in Dalla 
material, including technical paper 
of interest to those en ived n petro 


containing 


leur ind natural gas drilling and 
productior 


Annual subseriptions to any one of 


the above journal vill be provided 
iil member mn good standing vith 
further charge subscription 
credit of $6 for members and $4 for 


Student Associate being included tn 
the due paid ‘ member cease to 
tanding if current due 


ire not paid by April 1). If more 
than one of the monthly journals | 


“In good 


privileged to obtain 


for per i if tudent (x 
ite | be entitled to the irre 
pl for i publicatior 

ember LIME membe it rit 
! to more than one otf eact {f the 
three monthl ournals will be billed 
it the nonmember rate of $8 per 
year lomesti $10 foreign, for the 
extra ub cription ( 

Three volurne of Transaction 
ire authorized for 1957 publication 
i follow No 205 Mit rik Branch 


No. 206, Metals Branch ind No. 207 
Petroleum Branch 


will be ivallablie to membet! ia 


Volume 205 and 


$4.50 each for a first cop if paid for 


in advance with due otherwise at 


the nonmember rate of $7 
pet. Nonmember $7 in the United 
State foreigt $7 50 Volume 206 

ill be available to member at $4.50 
each for a first copy if paid for in 
advance with due otherwise at the 
nonmember rate of $9 Ie 10 pet 


JYonmembers $9 in the United State 
foreign $9.75 


Special ! 


volume now planned 
publi ition in 1957 nelude the fol 
lowing Open Hearth Proceeding 
Vol. 40, price to AIME members $7 
nonmember $10 Blast Furnace 


NATIONAL MEMBERSHIP 
CAMPAIGN STATUS 
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DOWN THE HOME STRETCH 


nd Cr Deve ‘ i P 
t Vol. 11, coveru ta for the 
ear 1956, AIME me ‘ $5; nor 
‘ be $10. j ( 
edition \. B. Pa t ‘ 


ture ifthe 
B. M. Larsen, $2 to AIME mibe $3 
to nonmembe Che try 
of Steelma ng Der lat if Stee 
by ( H. Hert price to be dete 

ned lume on M ral Eco 
omies, price to be determined. 1957 
AIME Director 

If due ire paid il quent to 
Januar it f Institute 
publi be ipphied or if 
idequat tock ire or hand A 
membet not entit i t rece ‘ i 
e of 7 acti or a al 
olume nlieu of a onthl yurnal 
free of charge or emt hip. Men 
De il irreatr for due ire t er 


Rock Mountain Memtl i 
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Maxwell Gensamer ha 
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the Annual Meeting n New York 
Metallurgical Engineeri school of 
Mine Columbia Universit 
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All-Institute Session 
During Annual Meeting 


For the 
Mecting 


first time, an All-Institute 


cheduled durin the 


Annual Meeting in New Orlean A 
pi nent peakel addr« the 
it 2 pm or Tuesda Febru 
il ot! n the International Ro 

t the toosevelt Hotel New Orlear 

Foll I that it 4 pm the Annual 
Busine Meeting of the AIME will 
be held the ime place Ata re 

cent meeting of the AIME Board of 
Director the fourth Tuesday of Feb 
rua i ipproved for tl latter 
meet nstead of the third Tuesday 


AIME bylaw 


as } ndicated in the 


AIME Awards Announced 
The 
ferred at the 
Wednesday 
Roosevelt 


following honors will be 
annual banquet on 
February 27, 1957 at the 


Hotel, New Orlean 


con 


Charles F. Rand Medal to Andrew 
Fletcher, “For distinguished admin 
istratior n nonferrous mining and 
for his in 
mineral in 


Irie 
piri lf 
au tl tanding 
tribution toward furthering — the 
interest of those en 


aged in the n 


ical enterprise 

iders| » im the 
I 

and for his out con 

rof 

onal 


neral industri 


James Douglas Medal to Russel B. 


Caples, “For distinguished achieve 
ment in extractive metallurgy, pat 
ticularly n the electrowinning of 
rin ind for outstandin ucce in 


timulati the prote 


metallurgist 


ional caree! 


of many 


Anthony F. Lucas Medal to J. E. 
Brantly, “For contributions to the 


irt of drillir fol 


iding the Rotary Drill 


technical writing 


ing Ha) d 


nd for leader nip in the 
petroleur industry notably in 
foundin thie Al erican A ociation 


of Oil Well Drilling Contractor 


Fairless Award to 
For distinguished 
production and in 
unerring guidance 
ig metallurgist, in 
operator For 


Benjamin F. 
Leo F. Reinartz, 
achievement 
technology For 
to the be nnir 
valuable idvice to the 


inspiration to both 


Robert H. Richards 
Antoine Mare Gaudin, 


Award to 
For hi 


con 


tributior ‘ i cientist, educator 
ind autho pecifically for his lead 
er if ind direction in the de velop 
nent of leaching and recovery tech 
niques for Ik rade uranium ore 
Robert W. Hunt Meda! to Arthur 
paper, Produc 


Tix. Silver Medal for 
tion-Scale \ m Steel Dega ng 
JOURNAL OF MPTAI April 1956 

Award to 


Rossiter W. Raymond 


Mohamed Mortada, for paper A 
Practical Method for Treating Oil 
Interference r Waterdrive 
Reservou JOURNAL OF PETROLEUM 
TecHNo.tocy, December 195 


headquarte! 


Mathewson Medal to Paul Gordon, 


for papel Vicroca netric Invest 
g n of Recrysta ation of Copper 
JOURNAL OF METALS, September 1955 


J. E. Johnson, Jr. Award to R. W. 
Sundquist, “For his ability as a Blast 
Furnace Operator in a in the 
developn of new and 
ontributions to the Fur 


Literature 


ting 
ent technique 


Blast 


D. C. Jackling Award to Joseph 
L. Gillson. 


Extractive Metallurgy Div. Award 
to R. C. Bell, G. H. Turner, and E. 
Peters, for papel Fun ng of Zine 
from Lead Blast Furnace, Slag—A 
Thermodynamic Study. JOURNAL OF 
March 1955 


Louis A. 
Roof 
Model 
Octo 


Award to 
Analy of 
Ba ed on 

ENGINEERING 


Robert Peele 
Panek, for pape! 
Bolt ng Sustems 
Studi MINING 
ber 1955 


1957 Officers Elected 


At the November Board meeting, 


the office! of the AIME fol 1957, 
and ix other Director named to 
take office for three-year term in 


officially declared 


that year were 

elected The y are a follow Presi 
dent-Elect, A. B. Kinzel; Vice Presi 
dent E. C. Babson and Roger V 
Pierce; Director Luther Campbell, 


A. W 


Lamal! 


W. Strandberg 
Vanick, and 


T. C. Frick, F 
Thornton, J. S 


Weave! 


ECPD Representatives 
AIME repre 


incil for 


on the Engi 
ional De 


entative 
Profe 
ent for the yea! 


nee! Co 


ve lopn beginning 


October 26, 1956 have been named 
by the Board a follow Commit 
tee Guidance F. T. Sisco and J. R 


Van Pelt; Education and Accredita 
tion, John C. Calhoun, Jr., and Lysle 
EK. Shaffer Student Development 
Curtis L. Wilson; Recognition, R. E 
Kirk rraining Marion Semechy 
Ethic Clyde Willian Information, 


en, 


R. A. Beal The three representa 
tive on the Council are R. Fk Sake! 
Oct. '58, John Fox, Oct. '57, and J. P 


Oct 


Nielsen 


Dues Bills in Mail 


Pursuant to Article II, Section 2, 
of the bylaw of the AIME, notice 1 
neret n that due for the year 
1957 are payable January | 1957, a 
follow Me Der and Associat« 
Membe $20; Junior Members for 
the first eal of Junior Mem 
bership, $12, and thereafter $17: 
Student Associate (including an 
innual ibscription to a monthly 
ournal $4.50 

Dus bill vere mailed during the 

idle of November. Prompt pay 
nent Nill i iré ininterr ipted re 
eipt of the publications desired in 
1957. If, for ar reason, a Dill not 
eceived withir i reasonable time 


hould be notified 


DECEMBER 


Conference on High- 
Temperature Materials 


Cleveland Section, In 
with the High-Temper- 
Institute of 


The AIME 


cooperation 


ature Committee of the 

Metals Div., will hold a two-day con 
ference on high-temperature mate 
rials April 16-17, 1957, in the Hotel 
Carter, Cleveland 


needs for higher operat 
make the develop 
imperative 


Since the 
ing temperature 


ment of new material 


the conference plan to cover the 
classe of materials that are attrac 
tive for these application thei 


methods of 


preparation and evaluation 


properti elTect ot 


Subjects of papers and discussion 
will include, cobalt, nickel, chrom 
ium, and molybdenum base alloy 
refractory metal SAP type mat 
rials; cermets and hard metal com 
pound ceramic graphite, and 
methods of testing; effect of atmo 
phere on high-temperature prope! 


te and effects of vacuum melting 


AIME Names 1957 
Legion of Honor 


Annual 
members of the 


Each year at the Junquet 
in February, those 
AIME who have continuously 
tained thei hip for 50 
\ given special recognition 
They are seated at the head table a: 
of the Institute and are added 
membership of the Legion of 

Phose will this 
in 1957 are as folloyv 


main 
member 


puest 
to the 
Hono! 
tatu 


who achu ve 


Anderson, Alexande! 
Fullerton, Calif 
brown John 


Pittsburgh, Pa 
Cook rrederi k S 

Mill Valley, Calif 
Dun ter, C Bb 

San Rafael, Calif 
Faneuf, S.C 

Jerkeley, Calif 


Fisher, Norman R 
Montreal, Canada 
Harrington, George B 

Chicago, 
Hayward, Carle R 

Cambridge, Mas: 
Knight, Cyril W 

Port Credit, Canada 
Kruttschnitt, Juliu 

srisbane, Australia 
Lindberg, Carl O 

New York, N. Y 
Marshall, S. M 

Palo Alto, Calif 
McKechnie, B. E 

Carlsbad, N.M 
Rhode Fred N 

Takapuna, N. Z 
Ro James G 


Thetford Mines, Canada 


Sears, Stanley C 
Washington, D.C 
Shaw, S. F 
San Antonio, Texa 


Weeke 


ar 


Frederic R 

York, N.Y 

Welhaven Alf 
Los Altos, Calif 
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FRANKEL DEPENDABILITY 
SAVES MONEY FOR YOU! 


NICKEL * MONEL * INCONEL * COBALT 
NICKEL CHROME ALLOYS + TITANIUM 
STAINLESS STEEL * JET ALLOYS 


Because Frankel is specifically equipped for the 
job dependability is more than a word at 
Frankel Company, it is a way of life. It is a system 
that can provide you with secondary alloys, equal 
in every way to ingots but considerably lower in 


cost 


Let Frankel Company, a name synonymous with 
‘quality converters’, help your profit picture with 


specification controlled secondary alloys. 


You are assured of a scientifically graded product 
guaranteed analysis uniform packaging 
ready for direct charging without further 


preparation 


Write, phone or wire for detailed information today. 


FRANKEL COMPANY, INC. 


19300 FILER AVENUE DETROIT, MICHIGAN, U.S.A 
FOrest 6-3510 


1682—JOURNAL OF METALS, DECEMBER 1956 


To the Members 
of the American 
Institute of Mining, 
Metallurgical, and 

Petroleum Engineers 
Inc.: 


The regular Annual Busine 


Meeting of the Institute will 
be held on Tuesday afternoon 
the 26th day of Februar 1957 
following the All-In titule 

sion at the Annual Meeting of 


the Institute in New Orlean 


Since the Annual Busine 
Meeting in 1957 will be held on 
the fourth Tuesday of Febru- 
ary instead of the third Tus 
day as the Bylaws direct, due 
notice is hereby given of this 
change 


By Order of the Board 
Ernest Kirkendall, Secretary 


Dated: Nov. 16, 1956 
New York, N. Y 


On the Agenda 
For Spring 


The Metals Branch wishes to draw 
the members’ attention to the fol 
lowing Spring meeting 


Mar. 10-16, 1957—EJC Second Nu 
clear Engineering and Science 
Congress, Convention Hall Phil 
adelphia 


Mar. 18-19, 1957—AIME Regional! 
Conference on Deep Drawing 
Steels, Engineering Society of De 
troit, Detroit 


Apr. 8-10, 1957—AIME 40th Open 
Hearth Steel and Blast Furnace, 
Coke Oven, and Raw Materials 
Conference, Penn-Sheraton Hotel 
Pittsburgh 


Apr. 11-13, 1957—AIME ‘Pacific 
Northwest Regional Conference, 
Multnomah Hotel, Portland, Ore 


Apr. 16-17, 1957—AIME Regional 
Conference on High-Temperature 
Alloys, Hotel Carter, Cleveland 


May 28-29, 1957—AIME Regional 
Conference on Reactive Metals, 
Ambassador Hotel, Los Angele 


Spring 1957—AIME New England 
Regional Conference, Boston 


x. 
| 
| 
VI. 


AROUND THE SECTIONS 


® The Detroit Section has scheduled 
onal meeting on March 18-19, 


i re 


1957 the Rackhan suilding 
LD) vil juality steels is the subject, 
ind the first day will be devoted 
t ter iki aspect Producers 

ill discu technical developments 
concerning melting, refining, rolling, 


ind annealing On the agenda for 
he second day are papers from con- 
imers of drawing steels on specifi- 
cation applications, and testing 
Also slated are pape! on phy ical 
metallurgy of deep drawing steels 

A cocktail party and ocial hour 
are planned prior to the banquet on 


Monda Marcl 18 Registration is 
1 $4.50 for the cocktail party 
ind banquet. AIME members will 
eceive bound of the techni 
cal pape! pre ented For advance 
registration, write to: M. Semchy 
hen, Climax Molybdenum Co., 14410 
Woodrow Wilson Ave Detroit 38 


$5.00 an 


volume 


e The El Paso Metals Section held 
its October meeting in the Mirror 
Room of the Hotel Cortez on the 
10th f the month. Dysart E. Hol 

b, president of Texas Western 
College, delivered the featured ad 
En jineering Education 


York Section met No 


e The New 
! Mining Club at 


vembet! at the 


vhich time they heard guest speaker 
Tt Winst foreign correspondent 
McGraw Hill World New discu 

The Situation n the Middle East 
Mr. Winston, who recently returned 


overed the background 
ind current problems in. that area 
emphasis on raw 
linner meeting wa 
hip night, and all were 


prospective members 


Three industrial films are now 
available at no cost, from Christen- 
sen Diamond Products Co. Offered 
for showings at association meetings 
or conventions, these films are all 
16 mm color with sound and aver- 
age 25 min. Any one film or all three, 
may be obtained. 

Film 1 deals with diamond pro- 
duction in South Africa and shows 
how diamonds are recovered from 
the famous Kimberly Mine and from 
alluvial deposits. Of special interest 
to those who have seen or used 
diamond bits in the field, Film 2 
shows how these bits and barrels are 
manufactured. Through the eye of 
the camera, the viewer takes a brief 
tour of the Christensen plant in Salt 
Lake City. 

Film 3 shows the application of dia- 
mond products and their use in the 
petroleum, mining, and construction 
industries. Address requests for 
these films to: Christensen Diamond 
Products Co., P. O. Box 387, Salt 
Lake City 10, Utah. In the event of 
any duplication in requests, the 


parties concerned will be advised 
and arrangements made for re 
scheduling. 

Modern Talking Picture Service 
Inc. is offering a brochure which 
describes 30 sponsored films on va 
rious scientific topics. Among the 
sponsors represented are Monsanto, 
Dow, DuPont, Upjohn, Bethlehem 
Steel, and Conveyor Equipment 
Manufacturers Association. Most of 
the films are concerned with applied 
science, research, or technical voca 
tions. The announcement is called 
Modern Memos, and may be had, 
free, by writing to Modern Talking 
Picture Service Inc 3% East 54th 
Street, New York City 22 

The Dept. of Chemistry of the 
University of Chicago, in coopera- 
tion with International Film Bureau 
Inc., has re-edited and re-recorded 
three films originally produced for 
the British Iron and Steel Federation 
in its Chemistry of Iron Making 
Series. What Goes Into the Blast 
Furnace (15 min., $70) shows in de 
tail the preparation and handling of 
ore, coke, limestone, and air, through 
animated drawings and natural pho 
tography. [ron Making (13 min., 
$65) gives a detailed description of 
the chemical processes and main 
formulas involved in iron making, 
showing the chemical changes which 
take place in the several parts of the 
blast furnace. What Comes Out of 
the Blast Furnace (® min., $45) de 
picts molten iron, castings, and the 
handling and use of slag. All three 
films are available from /nternational 
Film Bureau Inc 57 East Jackson 
Boulevard, Chicago 4, Ill 


Trukveyors are shown in use, above 


Pathway to Profits is a new 12 min 
film on Trukveyors, in-the-floor type 
conveying systems for moving four 
wheel platform trucks. This 16 mm 
sound, color film illustrates how 
Trukveyors can solve many prob 
lems of handling merchandise ship 
ments, reduce operating costs on 
railroad terminals, warehouses, etc. 
The movie is available free upon 
written request to Public Relations 
Dept Link-Belt Co Prudential 
Plaza. Chicago 1, Ill 


A new 16 mm, sound, color film on 
artificial respiration is available. 
The 12 min movie, No Time To 
Spare, emphasizes the importance of 
immediate application of respiration 
in different types of accidents where 
asphyxiation results, such as electric 
shock, carbon monoxide poisoning 
and near drowning. The techniques 
of artificial respiration are demon 
strated by non-professionals in typi 
cal cases. Technical advisors include 
Warren Clayson, of the Canadian 
Red Cross and M. G. Griffith, pro 
fessor at the University of Toronto, 
Produced by Chetwynd Films Ltd.,, 
the movie may be purchased from 
International Film Bureau Ine 7TE 
Jackson Blod Chicago for $125, 
(includes educational and TV rights). 


will receive 


The Engineering Societies Library 
33 West 39th Street, New York 18, NY 
Mr. Ralph H. Phelps, Director 


Name 
Street 
City 


Did you know that 
“The 
Euginceriug Socteties Library 


can serve you by air mail and air parcel post? Over 170,000 engineer 
ing texts, and files of every worthwhile periodical are available for 
further research to meet your specific needs 

search, construction, and management problems 
the cost of the services and represent but a fraction of the value you 


Please send me information pamphlet on services available, how 
air mail can expedite them, and their cost 


patents, design, re 
Charges cover only 


State 


DECEMBER 
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Grover J. Holt, President-Elect of 
AIME, was the principal speaker at 
the dedication of the Ore tesearch 7, 
Building Bureau of Mineral Re wy 
earcl Michigan Colle ge of Mir ng 
& Technology, on August 8th. Hi : >> 
addre W hy Be Concerned About 
Researcl drew attention to the 
fruit of pa t research and the need \ : 
for its continuation. During the cere- : 

monic Mr Holt Na iwarded an r 
honorary Doctor of Engineering dé ’ 


gree the iccompanying citation of 


which praised his “pronounced ac 


complishments to the mining pro- 


fe ion and his embodiment of “the 
ideals of service to (his) fellow men 
and the industrial society in which 


G. J. HOLT 


John P. Nielsen, metallurgy author 


ity at New York University, is th Hirsch Loevenstein is research dire 
guest of the Soviet Academy of tor for Harvey Aluminum. Torrance 


Science and while in Russia will Calif. He was formerly associated 
JH. HOLLOMON fecture and attend a scientific con with Harve Aluminum of U. S. in 
ference in Moscow a“ well a visit Salen Ore 
J. Herbert Hollomon has been named metals i1 titutes and plant in other 
advisory editor for Series on the parts of the Soviet Union. Among H. J. Forsyth is director of steel con 
Science and Technology of Material: Dr. Nielsen pe claltic are titanium ervation and quality control for 
to be published by John Wiley & metallurgy and X-ray diffraction Re public Steel Corp Youngstown 
Sons Ine New York. The general 
plan of this new series is “to pre Leonard Bernstein metallurgist 
Kwikset Locks Anahei Calif 


ent the crence and technology un 


derlying the behavior and the man 


H. H. Brandt ha oined Laclede 


ufacture and the technical use of all 


important solid material Dr. Hollo Christy Co., New York, a division of 
mon hope that the ert can be a H. K. Porter Co. Ine a ile er 
nee 


comprehensive as possible in order 
to meet the needs of university stu 


John N. Ong, Jr., formerly associ 
ated witl the Universit of Utal 
Salt Lake Cit ha oined the fae 


ulty of Washu ton Univer t st 


dent younger scientist and engi 


neers as well as those with more ex 
perience, Manager of the Metallurgy 
and Ceramics Research Dept., Gen 
eral Electric Co., Schenectady, Dr 
Hollomon i the author of many 


a an assistant profs or 1n 
the Mechanical Engineering Dept 


technical publications in the metal 
lurgical field. He was named in 1955 
as one of America ten outstanding 
young men of the year” by the U.S 
National Junior Chamber of Com 


B. T. K. Barry recently re ned 
from Sherritt Gordon Mine Ltd. to 
accept a po ition with the deve lop 
ment and special dutt roup, Met 
J. F. NIELSEN allurgical Div The Steel Co. of 


meres Dr Hollomon ha erved 
Acta Metallurgica ince it found Canada Ltd Hamiltor Ont Can 
ing, as secretary-treasurer C. R. Cupp is associated with the ada 


Research and Development Labora 
John M. Boxall is associated with tori Canadian Westinghouse Co Donald H. Desy ha oined — the 
Mellanear Work William Harvey Ltd Hamilton, Ont Canada, a taff of Fulmer Research Institute 


& Co. Litd., Liverpool, England. He enor metallurgist in the Metallur Stoke Powe Buckingha hire, En 
was formerly with National Smelt gical-Mechanical Section land. He recently received | do 
ing Co. Ltd., Avonmouth, England torate in metallurgical er neerir 


cience at Columbia University 
~ 


Arthur L. Geary, who had been a 
ociated with Metal Research Lab 


John M. Parks has resigned from the 
Research and Engineering Dept Al 
Reduction Co., Murray Hill, N. J., to 


accept position with Lincoln Elec orator Electro Metallu ul Co 
Nia ara Fall N y or 


tric Co., Cleveland 


L. F. Reinartz, vice president in 
charge of special operating de velop 
ment, has retired from Armco Stee! 


Corp., Middletown, Ohio. Mr. Rein Arthur E. Morris issociated with 
artz, a graduate of Carnegie Insti the Dept of Meta ir pe’ Purdue 
University, Lafayette, Ind 


tute of Technology, began his 47 
year service to Armco as an open 
hearth chemist. He was appointed a 


William R. Smith has transferred 
from Hanford Ato Products Op 


vice president in 1951. charter 
member of AIME National Open eration, General Electric C Ric 
Hearth Steel Conference, he served land, Wash., tothe C pa \t 
as its chairman. Mr. Reinartz be Power Equipment Dept., San Jose 


came president of AIME in 1954 L. F. REINARTZ Calif 
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Union Carbide & Carbon Co now 
at Nuclear Metal Inc Cambridge 
J 


Robert C. Petersen has left Uranium 
Corp. of Americ a, Salt Lake City. to 


oin Newmont Exploration Ltd 


Gra Valley, Calif 


John A. Casner | upervisor of 


tubular ervice engineering for 


Youngstown Sheet and Tube Co.. 


Youngstown 


Among recent appointments at 


Metals Research Laboratories, Elec 

tro Metallurgical Co., Niagara Falls 

N. Y., is that of John L. Lamont as 
personnel administrator He joined 
Electromet in 1929 and ha been 
concerned with engineering projects 
in the steel research £roup, including 
VOTK on welding, tainless steels, 
and high chromium alloy 


Ernest F. Nippes, professor of metal- 


lurs Rensselaer Polytechnic Insti 
tute Shee. N. Y., is the recipient of 
ASM 1958 $2000 teaching award 
Di Nippe 4 y“raduate of Rens 


elaer, ha been a me mber of the 
faculty since 1938 He has also erved 
4S a consultant to many industrial 


R. J. NEKERVIS 


Robert J. Nekervis is at Battelle 
Memorial Institute Columbus, Ohio 
He had been a ociated with the Tin 
tesearch Institute, New York 


Gordon H. Silver js 4 ociated with 
the control] engineering unit at De 
troit Controls Corp., Norwood Ma 


George F. Van Hare, Jr., recently 
oined the En, neering and Con- 


truction Div., Americ an Cyanamid 
Co., New York. a a project engi 
ee! M: Var Hare had been a 
chemical  enyineer for Chemical 


Construction ¢ rp., New York 


William S. Webb | with Wickwire 
spencer Steel Div., Colorado Fuel & 
Iron Corp., Claymont De! 


Robert J. Teitel | associated with 
The Dow Chemica] Midland 
Micl 


William F. Biggs is with The Mazapil 
Copper Co Ltd Saltillo Coah 
Mexico 


Shieldalloy Chromium Metal 


Noted for low gas and low carbon content, this 
ote 
‘ for vacuum and air melting manu 


metal is a “must’ 
facture of high temperature alloys, where high purity 


hr mium rec wre Ay le uw he n on 99% 
2 5 qv b Jf 8 d 
c 


minimum r grades and mn powder 98° omnimum Cr 


grade. 


Alloys of Chromium for 
Experimental Purposes 


Chromium-tungsten 
@ Chromium-molybdenum 


Write for specifications and descriptive literature. 


CORPORATION 


West Boulevard, Newfield, New Jersey A 
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high 
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OBITUARIES 


Burton Gillies 


An Appreciation by 


Walter Carroll 


Donald B. Gillies 
died at hi 
Height 


(Member 1922) 
hore in Cleveland 
September 29. He 
was born Nov. 4, 1872 at Bruce 
Ont. where his father was a 
The later 
the copper country of the 
peninsula of Michigan 

M Crillie 
Mining School 
Mining & Technology) 
he received hi 


Ohio, on 


moved to 
northern 


farnil 


graduated from the 
(Michigan College of 
from h 
degree of mining 
engineer in 1893. In college he ex 
celled in scholastic work and was a 
erack football player and track man 
As early as 1890 he the 100 vd 
dash in 10 second In football he 
played right half 

Upon graduation he started West 
ending up in Butte, Mont. The de 
ion of ‘93 was at its height. and 
were few and hard to get 
mining engineet! 


made 


pre 


job 
Though a graduate 
Mr. Gillie a job “pushing a 


got lag 


pot,” at the Montana Ore Purchasing 
Co melter 

He wa oon promoted to the 
drafting room where he did exten 


concentrator design 
preference did not 
at a drafting table 
melter field 
furnace 
production of copper 
followed by 
the production 


ive work on 
jut Mr. Gillie 
lie in an office or 
He entered the 
reverberatory 


active 
working on 
practice in the 


matte, which wa a con 


vertor 
of pig, copper! 

As the depre to an end 
he took a position as assistant a 
sayer at the Parrott Silver & Copper 
Co, About this time Senator W. A 
Clark decided to reopen the old cop 
per blast furnace property in the 
Lost River District, 90 miles by stage 
from Blackfoot, Idaho. Mr. Gilli« 
was made mining engineer for the 
W. A. Clark properties in Butte 
which embraced both the copper and 
silver areas 


operation in 


ion cane 


followed in quick suc 


mining 


Promotion 
From he 
promoted to chief engineer, then 
uperintendent and finally 
to manager of all of the Clark prop 
ertic It was while he wa erving 
as manager that the famous May 
flower Mine was discovered and pur 
chased by Mr. Gillies for Senator 
Clark. The property produced many 
millions before it ran out 

The desire to see even more of the 
West still remained active and three 


on 


wa 


to general 


years were spent in the gold-silver 
fields of Tonopah and Goldfield dur 
ing it most exciting devel yipment 


when the Montana Tonopah and the 
Tonopah Exten 
veloped into dividend payer 
Mr. Gillies then turned his 
ests to Mexico, where in the 


were de 


mines 


inter 
state 
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area t } recommendation Re 
public ecured and till operate 
propertie at Port Henry ind Lyon 
Mountain, N. Y. In the late 1940's he 
investigated and brought to Repub 
lic attention the rich iron ore de 
DONALD 6 GILLIES posit in Liberia, which the company 
cooper ated in deve lop ng Thi 
of Chihuahua he was active in mine perhaps the vorld purest ore de 
management, engineering practice posit yielding 68 to 69 pet Fe 
and mine examinations. He accepted In the last 10 years of his life a 
management of the Mexican prope: time when most men would have 
ties of Corrigan, McKinney & Co. of been comfortably retired—-he con 
Cleveland at the olicitation of tinued to search the world for new 
Price McKinney then president ore deposit Hi ater travels took 
These comprised the Rio Tinto Cop him to Mexico. Venezuela, Liberia, 
per and Concheno Mining Co Peru and Ecuador. On his 75th 
In 1910 the Madero Revolution be birthday. he vas relieved of the 
gan in Mexico, causing great un ce presidency of Republic, but con 
certainty and anxiety among Ameri tinued as mining consultant 
cans there, and during the next Mr. Gillies, AIME president in 
ix year existence was constantly 1939. wa also a member of the 
tinged with real uncertainty. Pancho Mining & Metallurgical Society of 
Villa ruled the northern tate America. the Montana Society of 
raids were frequent and costly. I Envineers, and a trustee and membet 
pite of political upheavals the prop of the Cleveland Engineering Societ 
ert he managed operated during H civic contributior have also 
the entire period and shipped ore been noteworthy. He was appointed 
and bullion without interruption or hairman of the River and Harbor 
lo except many hours of sleep ‘ommittee. Cleveland Chamber of 


In 1918 when the re 


Mr 


McKinney 


f Mr 


dort int ron ore ndust! in 


volution ended 
Gillie 


Under hi leader 


( 
Com: 
( 


McKinney induced Mr 


and 


f W var when he wa 
a pro ted t t} presidency in 1932 
Mr. Gillies rernained president of 
102 
MeKin1 ntil 1935 


hip 


en treme 
to come to Cleveland a vice pre on ane “or de acce 
dent in charge of Corrigan Mi Kir sible to ve el 
ney mining operations in the U.S Without this work, Cleveland ror 
and Mexico. In this capacity he de . ates ndustry could not have 
veloped the Wolfpit & Grea 
: . reached its present proportion 
Creek coal mine at Pike County 
Ky. Mr. Gillies held thi position un (Continued on page 168% 

Memorial Resolution 

DONALD B. GILLIES 
WHEREAS. with the passing of Donald B. Gilli it hi home n 
Cleveland Height Ohio on September 29 1956, the Institute has lost 
one of it most active loyal, enthusiasts and honored member nd 
WHEREAS, during his mar ears of membership he took an enthu 
iastic part in the activities of the Institute. He served as Director u 
1940 and 1941 and President in 1939; and 
WHEREAS, during his 63 years of professional work his interest ere 
in many phases connected with the mining and extraction of variou 
metals, ferrous and nonferrous; and 
WHEREAS, in his progr from a humble laborer to a leader u 


industry he was the epitome of a true American; and 


WHEREAS, he howed de« p interest In a isting young men t enter! 
our profe ion and in recognizing their progre ind achievement 
therefore, be it 

RESOLVED. That the American Institute f Minir Metallurgi« 
and Petroleum Engineers records with deep sorrow the passing of on 
of America most distinguished engineer ind one of the Institute 
best friends and advocate ind be it further 

RESOLVED. That th Resolution be included in the minute f tl 
meeting and that a « opy be ent to Mr Gilli 


November 16, 1956 AIME Board of Directors 
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| 
s-> public Steel Corp., and he joined 
nd 
Ce = Republic as vice preside 
We I 137 he interested Republic in 
: the p bilitie of the Northern 
‘ Adirondacks and revived the nearly 


Mr. Gillie Was also a member oO! 
the Lake Superior Iron Ore Assn., 


ervil is president from 1947 to 
195] ind a Chairman of it soard 
of Directs ntil hi leatt 


Community Fund ince 1932, and 


erved on it sjoard of Trustee In 
1952 and 1953 he was Treasurer of 
thie loca cr ipter of the American 


In 1953 he delivered the convoca 
tion addre it the Michigan College 
and Technology, his alma 

ater, which had awarded him the 
legree of Doctor of Engineering in 
1931 He lso received an LL.D 
Montana School of Mine 


\t 4, Mr. Gillie was an active 
valuable member of hi company 
ind the community His contribu 
tions to both, a well as to the teel 


industry and the nation, are of er 


during value. Old in yea! he wa 
active and an inspiration 


energeti 


‘ those who were associated 
vith him. Mr. Gillies accomplished 
in one long lifetime the equivalent 
ff the normal accomplishments of 
veral men. He wa 

field nonterrou metal coal, and 
iron ore, and made noteworthy con 
tribution in each field, but espe 
cially in the field of ferrou 
during the last 20 year 


‘ active in three 


metal 


He was a member of the Unior 
Kirtland, Chagrin Valley Hunt, Pey 
per Pike and Mid-Day Tavern Club 
of Cleveland and the Miscowaubik 
Club of Calumet, Mich. He 1 ul 


« vived by his wife, the former Mary 
. Lou Yancey of Rome, Georgia, two 
q daughters and a son, ten grand-chil 
dren and x-great grandchildren 
* Mr. Gillie friends were legion 
including president of countrie 
leaders of industt on down through 
the pectrum of life to the cornet! 
bootblack. He wa widel known 4a 
a friend and leader, world-wide con 
tributor to the cience of industry 
and a wise counselor capable and 
willing to share his knowledge 
Leonard Peckitt (Legion of Honor 
Member 1863) died recentl) in 
Yorkshire England n 1860, he 
came to America in 18862. Mr. Peck 
= itt was president of Warren Foundry 
& Pipe Co. He had been associated 
with Crane Iron Works before it 
P absorption by the Warren Co 
AY 
Clair Upthegrove (Member 1920) 
professor emeritus of metallurgical 
engineering at the University of 
Michigan, died at |} home in Anr 
Arbor on October 11. He vas born 
it Central Lake Mich on Nov. 30 
1884, and earned a degree in chemi 
| cal engineering at the University of 
ommencit eaching 
career! ne i er ployed i an i 
tant chemist at the Oliver Minin, 
of I ! ood, Mictl ind etal 
the Detroit Copper & 


re Arms An outstanding teacher, 
Upthegrove also made 
contributions to the field 


valuable 


of metallurgy of nonferrous metal 
caling ind decarbonization of tee] 
ind diffusion in metals. His article 


ippeared in many professional jou 
nals. In addition to the AIME, Prof 
Upthegrove erved in the ASM, 
ASTM, the American Foundrymen’s 
Assn., and the Sociéty for Promotion 


of Engineering Education 


NECROLOGY 
Date of 
Flected Name Death 
‘ Sept 0, 1956 
rr k helberger Oct 21, 1956 
itt ‘ Sept 1¥56 
1 Gh Unknown 
) J Spencer H rng June 1956 
H Kelle Unknown 
H 
29 *F.H.K tedt Oct 19, 
La H t 
HOE bers Oct 18, 195¢ 
l ‘ ot 10, 1956 
H. Ratliff ept 20, 1956 
H he Unk 
Cla Upthe Oct 11, J956 
K G. Whealt Unknown 
Wraitl 10, 1956 
Les fu 
I if lembership 
1 B 
1/ME Oct 1956 
id 140 Student A 
ADMISSIONS COMMITTEE 
F. A.A ‘ 
ke R HH. Dickson 
D R. B. T. D. Jones, 
AR e, F. T. Sis 0. J 
leQuiat J 4. Lytle, I 
to extend its 7 
t n be of 
‘ pe 
fi ‘ ‘ s 
pos 
ecre 
und 
‘ ’ fied f AIME 


Members 


I I Ande 


‘ j ( imit 
J. ihe Pittsburgh 


¢ dD ‘ 
be Ohto 
H i 
G ge H 
Ed He I des Park, N. J 
cK 
H il ‘ 
HI ‘ eld, N. J 
Pa 
Lu ( « ida 
i Pe it G 
Hee hia Ohio 
Ihe W. Robert henectad 
H hepl i, | t uh 
Che ‘ Ohi 
W at Pa 
I i, | 
L. H. W I i ‘ 
Associates 
Ca \ K Ke 
| tre 
Wit ‘ e, Ohi 
Juniors 
W L\ufdert W re Ooh 
J F. Black, B le 
kad ie. B ler iin J 
\ K ¢ ihok, Pittsburgh 
hard ¢ te Pittsburgl 
ik Chi Watert Ma 
Jot ‘ I Cons 
i ‘ Pittsburgl 
K eth ¢ J 
I k Walt Heck, Fort Lee 
be rof 
Robert V. i Cale Per W. Va 
Kliiba Warre on 
Andre i Far Rockawa N. ¥ 
1 Lacerte burgh 
Law wil iquist, T ma, Wash 
J est Matthew I Wash 
j es G Mort lidiand, Mich 
\ifred WV i Butlalo 
Jarne Plainfield, N. J 
Jar Pappas, Irwin, Pa 
Alf {E.R Plats 
G tE. Spangle lelphia 
hard J. Ta Pitteburgh 
i Totah, Ke uu, ldahe 
j Walte cot 
Fred We Hedwood Cit Calif 


CHANGE OF STATES 
Associate to Member 
Salve ectad 
Ant J Kroha, Salt Lake City 
REINSTATEMENT 
Members 


Pau Kingsle Kichland, Wash 
Bruce B Lat ette, Dre et 

iH lunge tt ‘ 
i eJ ever it Lake Cit 


KEINSTATEMENT CHANGE OF STATUS 
Student to Member 


“ C. Gree eaf, Chappaqua, N. ¥ 

Hobert J. King, Pittsburg) 

fet, 

Hloward ¢ lvarke t! i Height Ma 
Student to Junior 

Hict i James Gennone, Hichmond, Va 


PROFESSIONAL SERVICES 


Limited to AIME members, or to companies that have at least one AIME member on 
their staffs. Rates $40 per year per inch 


LEDOUX & COMPANY 

pectroscot 
SHIPPERS REPRESENTATIVES 


359 Alfred Ave Teeneck, New Jersey 


H. L. TALBOT 
Consulting Metallurgical Engineer 


Extracti 1 Refining of Base Metals 
pe ‘ zing in Cobalt and Copper 


Room 330, 84 Stote St, Boston 9, Mass. 


MAX STERN 
Consulting Engineer 


nd Nonfe 


10 East 40th St 


New York 16, N.Y 


DR. E. TSUTSUMI 


Registered Japanese Patent Attorney 4& 
Metallurgical Consulting Engineer 


Potent Motters Heseorcr technical 
text trar yted fror ypanese into Eng 
vice versa: 2¢ per English word 


C P.O. Box 1545 Tokyo, Jepen 
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Bi Rolling Mills. During World 
War I, he was an ordnance officer in 


COMING EVENTS 


Dee. 0-12, AICHE, annual meeting, Statler 
Hotel, Boston 

Jan 6, 1957, AIME, NOHC Western Leecal 
Section HKodger Young Auditorium, Los 
Angele 


jan. 7, AIMEE, Keston Leeal Section. Speaker 
D. Mani Oak Ridge National Labora 
tor on nuclear metallurgy 

Jan. 17-18, BIC, annual meeting, Statler Ho 


New York 


Jan. 2%, AIMEE, Connecticut Leeal Section 
Speaker D. K. Compton, Chase Brass and 
subject: New Developments of 


New Haven, Conn 


Copper Alloys 


feb. 1, AIMPE NOHC Seuthwestern Leecal 
Seetion, technical meeting 


Feb. 04-28, AIME Annual Meeting, Kooveveit 
md Jung Hotels, New Orleans 


Mar. 10-14%, AIChE, Greenbrier Hotel, White 
Sulphur Springs, W. Va 


Second Nuclear Engineering 
Cengress, Convention Hall, 


Mar 10-16, 
and Selence 
Philadeiphia 


Mar 14, AIME, NOHO Western Local Section, 
Hodger Young Auditorium, Los Angeles 


Mar AIME 


annual all-day 


NOHC Chicage Lecal Section, 
meeting, Del Prado Hotel, 
Chicago 


Mar. 25-20, ASM And Others, Tenth West 
ern Metal Exposition and Congress, Pan 
Pacific Auditorium and Ambassador Hotel, 
Los Angeles 


Mer %6, AIMEE, Connecticut Leeal Section 

Npeaker Rossin, Universal-Cyciops 
subject: Metallurgical Aspects 
Waterbury, Conn 


Steel Corp 
of Vacuum 


April 5, 6, AIME, Paetfie Southwest Mineral 
industry Conference. Sponsor: Nevada Lo 

cosponsors: San Francisco and 

Southern California Local Sections. Reno 


cal Section 


Apr. 8-10, AIME National Open Hearth Steel 
and Blast Purnace, Co Oven, and Kaw 
Materials Conferences, Penn-Sheraton Ho 
tel, Pitteaburgh 


Apr. 11-18, AIME, Pacifie Northwest Kegional 
Cenference, Multnomah Hotel, 


ore 


Apr. 16-17 
High Temperature 
Cleveland 


AIMEE Kegional Conference on 
Stleys, Hotel Carter, 


May 5-0, American Ceramic See, annual 


meeting, Statler Hotel, Dallas 


May 4, AIMEE, NOHC Chicage Leeal Section, 
spring meeting, Phil Smidt's Restaurant, 
Chicago 

May Electrochemical Statler Ho 

tel, Washington, D. C 


May 8-70, AIME, Reactive Metals Confer- 
ence Mining Branch seasions on May 28; 
Metals Brench sessions on May 28, 20. Am 
bassador Hotel, Los Angeles 


June 8, AIME, NOHC Seuthern Ohio Local 
Section, annual golf party, Middletown, 


June 4-28, ASTM, annual meeting, Chal 


fonte-Haddon Hall, Atlantic City, N 
6-0, AIME, Petroleum Branch, Dallas 


Fuels Conference, 
Chateau Frontenac 


8-11, Jeint Selid 
ASME-AIME Coal Div., 
Quebec 


NOHC Seuthern Obie Lecal 
meeting Deshier-Hilton 


et. 18, AIME 


Section, mnual 


Hiote!l, Columbus, Ohio 


1, AIME Recky Mountain Min- 
erals Conference, Denver 


Nev. 4-6, AIME, IMD Pall Meeting, Morrison 
Hotel, Chicago 


AIME, NOHC Leeal Section, 
Hamilton, Ont., Canada 


Nev. 15 
annual meeting 
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POWERFUL 


steel melting 
furnace 
operating in the 
world today 
is a 


LECTROMELT’ 


6 others of even greater 


power are now 


under construction 


For Catalog 9B describing 


these furnaces, write Lectro- 
melt Furnace Company, 326 
s2nd Street, Pittsburgh 40, 


Pennsylvania (a McGraw 


Electric Company Division). 


ft ypmpare the dimensions of this giant 
ctromelt lurnace at labrique de 

r, Charlerai, with those 
of the O-foot man sketched alongside 


Manufactured in ENGLAND: Birlec, Ltd., Birmingham FRANCE: Stein et Roubaix. Paris 
BELGIUM: S.A. Belge Stein et Roubaix, Bressoux Liege SPAIN: General Electrica Espanola, Bilbao 
ITALY: Forni: Stein, Genoa JAPAN: Daido Steel Co, Ltd., Nagoya 


WHEN YOU MELT... 


21 6” 
SIZES UP 
TWO HUNDRED TONS 


DATA ON VOLMEX 81... 


VOLME 


performs as a high volatile 


when applied... 
(1) Wet (2) Dry (3) At varying ingot mold temperatures 


VOLMEX 81 isa highly volatile ingot 
mold coating which has been tested 
and adopted by a number of steel 
plants. The charts below are based on 
actual data obtained during such trial 
runs. Because of the differing practices 
employed by various companies, we 
have included several variables. First, 
because VOLMEX 81 can be applied 
either dry or with water as the carrier 
spraying, swabbing or dipping are 
all practical), we have presented test 
figures on its use, both wet and dry. 
Second, we have included data on a 
range of ingot mold temperatures 
from 100°F. to 700°F., and third, we 
offer for comparison the results of a 
one-hour and a three-hour time-at 
mold temperatures. No matter what 
method of application was used, 
VOLMEX 81 was found to repel metal 
splashes effectively before they could 
solidify and cling to the mold wall. 
At the same time, enough of the 
graphite-base coating was left at the 
metal/mold interface to keep the 
main body of the pour from clinging 
when it reached the point of splash, 
thus reducing surface defects. For wet 
application, VOLMEX 81 is easily 
stirred into suspension and remains in 
that state for hours without re- 
agitation. 


VOLMEX 81 is the most volatile of 


the United States Graphite Company 
ingot mold washes. Others, in order 
of their volatility are: 90-B (non 
volatile), MEX (very little volatility 


and VOLMEX (volatile, but less so 


than VOLMEX 81). Write us for 
more extensive details or our engi 
neering staff is available for on-the 
spot assistance. Mold spray and 
mixing equipment are ready for your 


use in tests you may want to arrange 


Table | Volatility of VOLMEX 81 Ingot Mold Wash 


ingot mold coating 


Mold Coating Volatility Test VOLMEX 81 
Water Application 
2.75 Ibs. powder/gal. water—Period—1 Hour at 


%, loss after heating for | hour 


% loss On ignition at 1900 F. after 
} hour of specified temperature 


Totol percent volotile matter 


Temperature 
300 F 500 F 
74.3 739 


16.1 14.4 
90.4 68.3 


Table it 


Mold Coating Volatility Test—VOLMEX 81 
Dry Application —Period— 1 Hour at 


%G loss after heating for | hour 
% loss on ignition at 1900 F. ofter 
| hour at specified temperature 


Total percent volatile matter 


Temperature 
300 F 500 F 


0.8 09 


60.4 59.7 
61.2 60.6 


Table itt 


Mold Coating Volatility Test—VOLMEX 861 
Dry Application —Perlod— 3 Hours at 


%, loss after heating for 3 hours 
YJ, loss on ignition at 1900 F. after 
3 hours at specified temperature 


Total percent volotile matter 60.7 


Temperature 
300 F 500 F 
0.8 11 


59.6 59.7 
60.4 60.8 


You will note in the first chart which is the wet application 


plus a slight amount of the remaining volatile. Since on a weight basis, the powder is about 
the moke-up, if you will multiply the percent loss figures ot 1900 F. by four, you will get an idea 


of the amount of volatile which would be present for loss during the pouring operation 


that the loss is all of the woter contained 


of 
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4. 
i 
2 | Ww 
VOLMEX 
fe 
GRAPHITE COMPANY 
\\ 
= 
75.4 
11.3 
4 

100°F 700°F. 
0.1 2.8 

100 F 700 F 

60.6 53.1 
57.6 
beng 


